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PREFACE

This study reports, for a group of 257 boys and a group of 286

girls, factor analyses of 43 Project TALENT aptitude and information

tests together with 48 tests from three multiple-aptitude batteries

and one high school achievement battery: the Flanagan Aptitude Clas-

sification Tests, the Differential Aptitude Tests, the General Aptitude.

Test Battery, and ihe Essential High School Content Battery. The

subjects were high school juniors when the Project TALENT tests were

administered in the spring of 1960, and seniors when the other tests

were administered the following fall. All of them came from the rural

and suburban areas of Knox County, Tennessee.

At least two previous Project TALENT reports include factor analyses,

each by a different procedure. The results of this study are compared

with the results of these two previous studies, and some general con-

clusions are drawn. The methods used in this study differ from those

used in both of the others, so the first chapter deals with methodology.

I am deeply grateful to the many people who helped make this study

possib14.' Dr. Mildred E. Doyle, Superintendent of Schools for Knox

County, approved the project and obtained the cooperation of the county

high schools. Miss Oriana Howley, Director of Guidance, made all the

administrative arrangements. Special thanks are due to.the principals,

counselors and teachers of the Knox County high schools: every one of

them responded magnificently in rearrangihg schedules and administering

several large batteries of tests. The Essential High School Content

battery was administered and scored as a part of the regular county

testing program, and I am indebted to Miss D. Jean Reynolds of the

State Testing Bureau for separate scoring of the subtests of the English

test.

The American Institutes for Research lent reusable booklets, do-

nated hand-scored booklets and answer sheets, and did all the scoring
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for the Flanagan Aptitude Classification Tests. For this I am indebted

to Dr. John C. Flanagan.

Thanks are due to the Psychological Corporation, and especially to

Dr. George K. Bennett and Dr. Alexander G. Wesman, for donating the test

booklets and answer sheets for the Differential Aptitude Tests and for

scoring all the answer sheets.

I am indebted particularly to Mr. Frank P. Early of the State De-

partment of Employment Security, and Mr. Fred W. Vance of its Knoxville

office, not only for supplying all necessary materials for the General

Aptitude Test Battery, including the apparatus tests, but for having all

the examining and scoring done by their Knoxville staff.

Thanks are due to the University of Tennessee Computing Center, and

in a very special sense to Mr. Richard Durfee, programmer. The factor-

analytic procedures described in Chapter I were developed over a period

of years with Mr. Durfee's help, and many of the opinions expressed

there resulted from experience in using other procedures which were later

modified or discarded.

Finally I am indebted to my wife, Dr. Louise W. Cureton, not only for

encouragement and assistance throughout the study, but also in her capacity

as Project TALENT Regional Coordinator for East Tennessee, for general

supervision of all the testing and for liaison with the main office of

Project TALENT as the study progressed.
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Chapter One

METHODOLOGY OF FACTOR ANALYSIS

Many years ago 1 wrote (Cureton, 1939), "Factor theory may be

defined as mathematical rationalization ... Factor-analysts possess

fixed ideas and also compulsions. The fixed ideas, after a sufficient

number of rotations, become theories regarding the nature of mind and

personality. The compulsions lead to the development of mathematical

t systems of analysis."

1 see no reason now to repudiate or even modify this statement.

But in the years since 1939 my own compulsions have become hardened

and organized into a system of factor analysis. To me this is clearly

the one best system. It is equally clear that practically no one else

will agree with me. This chapter, then, not only describes a system

of factor analysis, but defines and defends the prejudices and com-

pulsions on which the system is based.

We start with a correlation matrix. Only a few people will claim

at this point that we should start instead with a variance-covariance

matrix. There is fairly good agreement that the arbitrary metrics of

aptitude and information tests had best be replaced by standard scores

Systems of dimensional analysis may be subdivided initially into two

main categories: component analysis and factor analysis (or more exactly

common-factor analysis, for those who prefer "factor analysis" to "di-

mensional analysis" as the generic term). Component analysis is a

legitimate multivariate method, concerned with the analysis of the

total variance of a variance-covariance or correlation matrix, but it

is not common-factor analysis. It has the advantage that the component

scores of individuals can be computed, whereas their factor scores can

only be estimated by regression or approximated by still cruder methods.

Factor analysis, on the other hand, is concerned with the analysis of

common variance. The unique variance of each variable is merely com-

puted, recorded, and then usually forgotten, because it is not the

variance of interest.
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There are three main methods of factor analysis, and there

could be four. They are defined by the way in which we regard the

set of subjects and the set of'variables. Each set may be regarded

either as a finite population or as a sample from a larger (con-

ceptually infinite) population. We then have the following table:

Variables

Sample
..wwww*Now

Subjects

Sample Population

Alpha factor analysis

Fopulation Classical factor

analysis

Image-covariance

analysis

The upper left cell is blank because no one has yei devised a

system based on the assumption that both the subject= and the variables

are samples.

For the present study I choose classical factor analysis. The sub-

jects are regarded as a sample of American high school juniors and seniors,

albeit a somewhat biased sample. The tests are certainly not a random

sample of all possible aptitude and information tests. They were care-

fully chosen to cover only certain particular regions within this domain.

I should hope to )eneralize the results of this study, so far as biased

sampling may permit, to high school juniors and seniors in general. The

tests, however, I consider a finite population, and have no intention of

generalizing to other tests unless the latter are very similar to those

treated in this study.

There are a dozen-odd methods for performing a classical factor

analysis. The diagonal or square-root method, ell the grouping methods,

and all variants of the centroid method can be dismissed at once. All

of them are approximations to better methods. With the advent of the

computer age, they can all be considered obsolete. This leaves only
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the principal-axes method, and the maximum-likelihood method with

its presently preferred variant, the canonical method. I choose

the principa -axes method, and here a real defense appears

necessary.

First, since I propose to notate the initial factor matrix to

simple structure, I am unimpressed by the scale-unit-invariance pro-

perties of the canonical method. This, however, is not an objection,

but merely a clightly weak rebuttal. My real objection is to any method

which employs large iterations (successive re-factorings) to reach com-

munalities which are exact for the sample and the number of factors

retained. The mathematical rank of the off-diagonal elements of a

sample correlation matrix is less than its order with probability zero.

Small useless factors are generated not only by the sampling errors,

but also by chance correlations among the form-associated errors of

rridsurement, and by bo+h chance and non-chance correlations among the

time-associated errors of measurement which arise because tests are

administered serially rather than simultaneously. These factors,

though small, are real in the sample, and the largest of them are

larger ihan the smallest of the substantive factors.

The effective communalities of a correlation matrix are those ob-

tained as the sums of squares of the loadings on the initial factors

which can be meaningfully notated. From the argument just above, it is

clear that the number of such factors is always les than the number of

real factors. If we stop factoring at this point and use large iterations

to find the corresponding "exact" communalities, there is genuine danger

of a Heywood case, with one "exact" communality greater than unity; and

a very much greater danger of what I shall term a quasi-Heywood case,

with one or more communalities greater than the corresponding test

reliabilities.

When we factor a sample matrix, the assorted errors are distributed

more or less rilndomly over subjects and tests, but they are not distri-

buted uniformly. When we fit the factors to the sample data, in conse-

quence, the dispersion of the sample communalities is inflated as



compared to the dispersion of the true4communalities in the population.

Exact fitting by repeated large iterations increases this dispersion

still further: hence the danger of a Heywood or quasi-Heywood case.

This effect is analogous to an effect observed in multiple regression

analysis. If we physically draw samples from a population having

known regression coefficients, the sample regression coefficients al-

most always show greater dispersion than do those of the population.

The least-squares fitting procedure, when applied to the sample, fits

the sampling errors (End the errors of measurement if any), as well as

the true relationships.

Even in the sample, large iterations apply properly to the deter-

mination of the real oommunalities rather than the effective com-

munalities. If we retain enough factors initially to yield the real

sample communalities, thus minimizing the danger of a Heywood or

quasi-Heywood case, we will have to get rid of some of them in the

rotational procedure, and determination of these exact real communalities

is pointless. The communalities of interest are the effective com-

munalities, not the real sample commuhalities, and we must simply re-

cognize that the corresponding unique factors always include common

factors too small and mixed up with assorted errors to be rotated mean-

ingfully.

It seems lo me, then, That The advantages of the canonical method

are largely illusory, and that the method of choice for initial factoring

should be the principal-axes method, with at most one or two large iter-

ations to insure that the number of factors retained has not been biased

by the errors in the initial communality estimates. There remain then

only problems of detail in the use of the principal-axes method, and the

twin perennial problems of communality estimation and the number of

factors.

Initial Communality Estimation

The squared multiple correlations (SMels) are lower bounds to the

real communalities, but not necessarily to the effective communalities.

The errors of measurement, on the other hand, do certainly attenuate

the intercorreiations. Individually, the Irimax values -- the absolute
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values of the numerically highest correlations in the several columns --

are not very good estimates of the corresponding effective communalities.

Some of them are overestimates and some of them are underestimates.

Their sum, on the other hand, appears both empirically and in theory to

yield a fairly good estimate of the effective trace: the sum of the

effective ccmmunalities. When in error it is somewhat more likely to

yield an overestimate than an underestimate.

With srall- batteries of reliable iests, in which each rotated

factor has only a small number o'f' non-zero loadings, the SMC's often

yield gross underestimates of the effective trace, while the Irimax

values still yield good estimates. And with large batteries of unce-

liable tests, especially when the tests are single items and are five

cr six times as numerous as the useful factors, most useful factors may

have quite a number of non-zero loadings. In such cases, since the

multiple correlation procedure fits the errors as well as the real re-

lationships in the sample, the SMC's may yield an overestimate of the

effective trace. In these situations the errors of measurement attenuate

the irlmax values, and their sum is still likely to give a fairly good

estimate.

The SMC's, each of which is based on all the intercorrelations, tend

to go up and down all together: they tend all to yield overestimates or

all to yield underestimates of the corresponding effective communalities.

Since each SMC is in fact the "finite communality," the true communalities

and the effective communalities should be quite closely proportional to

the SMC's.

From these considerations we arrive at a formula for initial esti-

mates for the effective communalities: they should be proportional to

the SMC's, but with sum equal to the sum of the Irimax values, or

A2 Elrimax

h. = SMC ,

1 1

E(SMC)

the sums going f-om i = 1, ..., n, the number of variables.

(I)
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There is a tacit assumption in the preceding ergument that the hi

should be estimates of the effective communalities rather than of the

real sample communalities. This assumption is open to further argument.

If R* is a correlation matrix with estimated communalities in the

diagonal, it is a Gramian matrix if there exists a matrix F such that

R* = FF (2)

If the mathematical rank of R* is m<n, F will have only m non-zero

columns, and R* will have m positive eigenvalues and n-m eigenvalues

which are exactly zero. A Gramian matrix does not have negative eigenvalues.

Now (2) has been termed the fundamental equation of factor analysis,

and it is if we consider only a population of subjectsand a correlation

matrix whose mathematical rank is m<n. In view of these considerations,

some factor analysts demand that the sample correlation matrix be Gramian

or almost Gramian. They are thus led to use initial communality estimates

which are gross overestimates of the final effective communalities:

estimates of the real sample communalities or even unities. In fact since,

as noted previously, the mathematical rank of a sample correlation matrix

beset with both sampling errors and two kinds of errors of measurement

in every variable cannot be expected to be less than its order, the only

way to be certain it will be strictly Gramian is to use unities as com-

munality estimales.

When we deal with a correlation matrix based on a finite sample,

with variables all of which have assorted errors of measurement and

sampling errors, the fundamental equation of factor analysis should be

R* = FF' + A, (3)

where A is the residual correlation matrix after the last factor re-

tained. It seems to me that the initial communality estimates should

be so chosen as to minimize A; i.e., since the principal-axes procedure
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is a least-squares procedure, they should be so chosen that EEL.
ij

is a minimum. This would imply that the suth of the last n-m eigen-

values of R* should equal zero, and negates incidentally thg proposal

that they should be so chosen that m will be the number of factors

corresponding to positive eigenvalues of R*. The factors not retained

are assumed to be "error factors," with eigenvalues differing from zero

only by chance, and hence equally likely to be positive or negative.

The matrix A should have diagonal elements of about the same

order of magnitude as its off-diagonal elements, since all are assumed

due to error. But when, by repeated large iterations, we "stabilize"

the communalities, the diagonal elements of A all become exactly zero.

This is not in accord with the assumption that A is an error matrix

throughout, and the procedure of forcing it to have all diagonal elements

exactly zero is another way of showing how the danger of a Heywood or

quasi-Heywood case is increased.

The correlation matrix R* should cerraInly he "statistically

Gramian." For the factors retained, every eigenvalue should be sub-

stantially positive, and every diagonal element of every residual cor-

relation matrix should be positive.

Ideally the diagonal elements of A should sum to zero, but in

practice initial communality estimation is not good enough to permit

the diagonal of the residual correlation matrix for the last factor re-

tained to be all-positive while the diagonal of A is half positive and

half negative. In this situation I lean just slightly toward the Gramian

viewpoint. As noted previously, an initial trace equal to Eirimax is

somewhat more likely to overestimate than to underestimate the effective

trace, and in every residual correlation matrix I replace any diagonal

element by one-half the mean of the absolute values of the off-diagonal

elements in the column if the latter is algebraically larger. But this

is a much smaller correction than the one proposed many years ago by

Thurstone: to replace all diagonal elements by the corresponding

Irimax values in every residual matrix. Note that while Eirimax

is a good estimate of the initial trace, it becomes a progressively
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worse overestimate of each residual trace; the ratio of residual

trace to EIrImax should decrease for every successive residual matrix

until for A it becomes zero. With initial estimates as good as

those given by (I), diagonal residuals can be used throughout unless

one of them gets too close to zero or becomes negative, and the rule

of thumb described above seems in practice to be all we need to do to

take care of such situations.

The net effect of the slight overestimation of effective trace

given by (I), and the procedure by which all diagonal elements are

forced to remain positive and at least half as large as the mean absolu!.e

value of the off-diagonal elements in the column, is that the computed

communalities for the factors retained have a sum which is usually

slightly less than the initial trace.

Details of Initial Factoring

The fc-t that the diagonal elements of each residual matrix may

have to be adjusted dictates successive rather than simultaneous extrac-

tion of the principal-axes factors. Here most factor-analysts use

Hotellingls scaling factor: after each multiplication of the correlation

matrix by a vector of trial factor loadings, the product vector is

re-scaled by dividing each of its elements by the largest. With this

method, convergence to both the eigenvalue and the vector of factor

loadings must be complete if the next residual matrix is to be of rank

exactly one less than that of the preceding matrix.

Horst (1961) describes an improved procedure, and this procedure

is also described in somewhat more compact form in his book on factor

analysis (Horst, 1965). If Fi is a vector of trial factor loadings,

and R* is a correlation matrix with estimated commJnalities in the

diagonal, or a residual correlation matrix, the iteration formula is

R*F.

iP:(R*F.)
I I

(4)
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and the scaling factor is the rectprocal of the denominator. When suf-

ficient convergence has taken place, say at the k-th iteration, Fk

becomes one column of F, the principal-axes factor matrix, and the de-

nominator is the corresponding eigenvalue. This procedure has two

valuable features:

I) If the computations are terminated at any iteration after the

first, R* F.F.' will be of rank exactly one less than R*.

2) At every iteration after the first, the denominai-or approaches

the largest eigenvalue from below.

If two eigenvalues are close together, convergence of the denomina-

tor to the larger is much faster than is convergence of Fi to the true

vector of factor loadings. But if we terminate the iterations early, the

individual variables-variances lost in F. will be picked up in Fi
+

with no harm resulting, since we will be rotating the final F anyhow.

They can even be terminated when the approximation to Ef, the i-th

eigenvalue, is less than Ei In this case the next computed eigen-

value, Ei
+ I'

will be larger than E., and this is still no cause for

concern provided we resolve in advance that the number of factors re-

tained will never be exactly i if Ei > Ei, or if the difference

E. - E.
+ 1

is very small. In practice, therefore, I terminate an

iteration when the increase in the denominator of (4) from one iteration

to the next does not exceed .0001.

For the first trial vector, F., several authors suggest the unit

vector. For factors after the first, this is usually a poor starting

point, for if a residual matrix is not reflected, the unit vector is

almost orthogonal to the final position, and would be exactly orthogonal

if the principal axis coincided exactly with the centroid. It happens

occasionally, moreover, that the sum of all the elementE of a residual

matrix is negative. In this case the expression under the radical in

(4) is negative, it has no positive square root, and the computer emits

an error signal at the first iteration.
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As a start, therefore, I use a zero-one vector with a unity in

the position of the largest diagonal element of* R* and zeros every-

where else. Then R*F. is simply the column of R* whose diagonal

element is largest, and the denominator of (4) is the square root of

this diagonal element. This first iteration is programmed directly

rather than by use of (4).

On the Number of Factors

In harmony with the proposition that the initial communality

estimates should be estimates of the effective trace, I try to retain

precisely the nuriber of factors that can be meaningfully notated.

Real artists at hand notation can over-factor initially and then "re-

sidualize" the error factors. I find, however, that with existing

programs for numerical and analytic notation, computers seem to lack

the necessary artistry.

There appears to be no one method for determining the number of

factors which can be notated meaningfully. Folloving Tryon, I shall

term this the number of salient factors. Even if we had an exact

test of statistical significance, and an agreed-upon rationale for

selecting an a-level, the number of salient factors would not neces-

sarily be the number of significant factors. With very large 10, it

might be less: I have seen significant factors kINI = 1000) with no

loading greater than .20. With small N, it might be more; there is

a crude analogy here to the case in simple analysis of variance with

many categories of one class, where the F-test shows insignificance

but a multiple-comparison test shows high significance for one category.

An insignificant factor can sometimes determine a doublet or triplet of

quite high significance and interpretability.

A significance test, nevertheless, is useful as one criterion among

several. The Bargmann test (Bargmann, 1957; Bargmann and Brown, 1961)

seems to be the most useful of the significance tests so far proposed.

Though derived on the assumption of maximum-likelihood factoring, it

appears to work quite well with principal-axes factoring. The equation
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2 -1 1 1 in
2 (2n + II) m] CE 0(1 - h

m
) tnil - FIR F -tnIRIJ ;

6
m m m

DF = n(n - 1)12 ,

(5)

2

for N subjects, n variables, and m factors; with hm a computed

communality for the first m factors of R*, Fm the first m columns

of the principal-axes factor matrix, and R the correlation matrix with

unities in the diagonal. To use this formula we require the inverse and

determinant of R, but the former is required for the computation of the

SMC's anyhow, and if we compute it by the Gaussian elimination procedure

with diagonal pivots, IR1 is simply the product of all the pivotal

-1

elements. The determinant 11 -FR 11 is not as formidable to com-
m m m

pute as it first appears. If we first over-factor to k factors, we

-1

compute just once the matrix M = lk - FkR Fk. Each successive deter-

minant for m = I, 2, ..., k is then merely the product of the first

m pivotal elements of a Gauss forward solution of the matrix M.

Since OF = n(n 1)/2 is usually fairly large, I use the Fisher

transformation,

x/a = 2x /2;17 *

(6)

2

and print out X and x/a for m = I, 2, ..., k.

For each m, the null hypothesis is that m factors are sufficient,

so the number of significant factors is the smallest value of m for

which x/a implies insignificance. In application, it appears best to

set the a-level quite high. I seldom regard a positive x/a value as

insignificant unless it is less than 1.00.

The most generally useful test for the number of salient factors

seems to be the scree test (Cattell, 1966). To apply this test, the

eigenvalues are listed in order of magnitude, and beside them a column

of first differences. In clear cases, the differences become proaressiveiy
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smaller, there is then one larger difference, and the remaining dif-

ferences are all appreciably smaller. Thus for the classic Holzinger-

Harman ,24 psychological tests we have (Harman, 1960, p. 188),

Factor Ei9envalue Dif.

1 7.629
5.981

2 1.648

.480 the "slope"

3 1.168
.273

4 .895

.496

5 .399

.053

6 .346

.079

7 .267 the "scree"

.017

8 . .250

.039

9 .211 1

The reversal in the difference column from .273 to .496, followed by

differences all less than .100, clearly indicates the presence of four

salient factors.

With less clear data, it may-be advisable to plot the numerical

values of the eigenvalues against their ranks (the factor numbers). If

we then fit one curve to the slope and another to the scree, the two

curves may show a discontinuity where they meet, even though there is no

clear difference-reversal. But if one single smooth curve fits all the

eigenvaiues, the scree test gives equivocal results.

A third test for salience may be made simply by examining the over-

factored initial factor matrix. We should almost always retain enough

columns to include the highest loading in every row, and more generally

to keep most of the higher loadings in every row.

There will still be doubtful cases, and here the only solution

appears to be to rotate two or more different numbers of factors to see

which number, after rotation, seems to yield the clearest interpretation.
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Simple Structure

The simple-structure criterion appears to be the weakest rotational

criterion so far proposed, and I prefer it for that reason. By "weakest,"

I mean that it imposes the fewest restrictions consistent with a unique

solution. he hierarchical orthogonal solution is algebraically equi

valent, however, and may be preferred if the additional information

supplied by the higher-order factors is significant. The perfect bi-

factor solution (witn one general factor and non-overlapping group

factors) is, apart from the fitting procedure, simply the hierarchical

orthogonal solution for the special case of one second-order factor and

first-order factors all in clusters about the primary axes.

A simple structure is defined by the bounding hyperplanes of the

configuration of n test vectors in m-space. The rules given by

Thurstone (1947, P. 335) represent merely a not-quite-perfect descrip-

tion of a rotated factor matrix (a V-matrix) of projections on the

reference vectors orthogonal to the bounding hyperplanes. Th, hyper-

planes should 2sual It be significantly overdetermined, but in rare cases

even this requirement can be relaxed for one or two factors if the

number of variables is small. A non-bounding hyperplane, on the other

hand, cannot be accepted as defining a simple-structure factor no matter

how greatly it may be overdetermined.

So long as all factors are definitely determined, with most of them

substantially overdetermined, it is not necessary that every test vector

lie in at least one hyperplane. A test vector can be close to the first

principal axis, with low non-zero loadings on all factors. Such a test

vector is merely useless in helping to locate the bounding hyperplanes.

A bounding hyperplane is defined by a subset of the n test vectors,

which have near-zero loadings on its reference vector. Hence no analytic

function of all the entries in an F-matrix can define it exactly.

A configuration of test vectors may have outer edges which are either

smooth or irregular. In the former case the near-zero loadings may vary

only between t.05. In the latter case the width of The hyperplane bounds
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A

will be directly related to the amount of overdetermination. In such

cases I
often allow the bound to be as wide as ±.I5 and occasionally

±.20, so long as no single test within the bounds could reasonably be

interpreted as having anything significant in wmmon with the tests

which have high loadings and determine the interpretation of the factor.

Thus I
reject all "hyperplane-count" criteria of excellence of hyper-

plane fit, since they are based on arbitrary definitions of the hyper-

plane bounds (usually ±.I0).

With real data, the effectively bounding hyperplanes will all be

orthogonal with probability zero. "Orthogonal simple structurell there-

fore means merely "orthogonal approximation to simple structure."

Rotational Procedures

The rotational procedure I
prefer rests mot so much on prejudice

(other than prejudice in favor of simple structure) as on laziness. I

never resort to plotting if there are more than three salient factors.

It is the exigencies of my system of rotation, rather than any inherent

or defensible beliefs, that dictate a very determined effort to put the

simple structure in the positive manifold.

The first step comes even before the start of the initial factoring.

The correlation matrix is reflected until all column sums, exclusive of

diagonal entries, are positive. The variables reflected are not re-re-

flected until the rotation is finished, if at all. Instead, the names

of the reflected variables are reversed, either temporarily or permanently.

Inversion and principal-axes factoring are performed on the ref!Jcted

correlation matrix.

The second step comes when the F-matrix is determined. If any

variable has a negative loading on the first principal axis it is re-

flected: the signs of all loadings in the given now of F are changed,

and the name of the variable is reversed or re-reversed.

The first rotational step consists of an incomplete normal varimax

rotation. First the rows of F are normalized. The varimax rotation
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(Kaiser, 1958) then moves the axes to positions such that the variance

of the factor loadings of all variables on all rotated factors is a

maximum, subject t' an orthogonality restriction. The normal-varimax

matrix is not denormalized, and the transformation matrix is not com-

peed. For my purposes, the normal varimax rotation needs to be only

a good enough orthogonal approximation to simple structure to insure

that every varimax hyperplane will be closer to the corresponding

simple-structure hyperplane than to any other bounding or non-bounding

hyperplane. In my experience with its use, it is always at least this

good.

The next aim for the positive manifold comes at this point. If the

sum of any column of the normal varimax factor matrix is negative, all

signs in that column are reversed.

The next step in the rotational procedure is a modified promax

rotation (Hurley and Cattell, 1962; Hendrickson and White, 1964). A

hypothesis matrix H is constructed from the normal varimax factor

matrix by cub;ng each of its elements. If we cube a loading of .8,

the result is .512; if we cube .3, we obtain .027. Thus each

column of H looks much more like a column of a simple-structure

matrix than does the column of the normal varimax factor matrix from

which it was const7ucted, but the transformed loadings are still in the

same order. In accordance with the notion of aiming for positive mani-

foId, however, all negative loadings in the normal varimax factor

rrotrix are replaced by zeros in the hypothesis matrix.

A procrustes rotation.of F toward H then yields an approxi-

mation to the best least-squares fit to H that can be obtained by

an oblique rotation of F. Corresponding to the basic rotational

formula, FA = V. we set up the corresponding formula,

FL = H .
(7)

Here F and H are given, and solving for L,

- -1 -

L = (F F: F H .
(8)
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But if F is a principal-axes factor matrix F'F is the diagonal

-
matrix E of the first m eigenvalues of R, and E

1

is a diagonal matrix

with diagonal elements which are the reciprocals of these eigenvalues.

Then (8) becomes

-
L = E

1

F'H , (9)

and L normalized by columns becomes a transformation matrix P

so that

FP = V (10)

and V is the promax approximation to the simple-structure factor

matrix.

Limited experience suggests that the promax rotation yields

just about as good an approximation to oblique simple structure as

do any of the more complicated analytic oblique rotations.

This is the point at which most factor-analysts would "clean

up" the structure by using plots. I use instead a modification of

Thurstone's "Analytic" (really only partially analytic) single-hyper-

plane procedure (Thurstone, 1954). Each column of V is iterated

separately, along with the corresponding column of P. Let Vo be

one column of V, let P
o

be the corresponding column of P, and

let [V
o
] be the vector V

o
with its elements rearranged in order of

magnitude from highest positive to highest negative (or to lowest

positive if there are no negative elements in V0), with the original

row-indices printed alongside the loadings.

Looking up and down [V0], a cutting.point is selected below

which the loadings will be taken provisionally to be near-zero. This

level will usually be somewhere near +.10, but it should also be not

appreciably lower than the.point at which the sum of squares of the
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positive elements below it is mughly equal to the sum of squares

of the negative elemenls at the bottom. In addition, it should pref-

erably come at a "gap" -- a point at which there is a larger-than-

average difference between two adjacent loadings. All negative

loadings are treated initially as near-zeros.

Now let A be a submatrix of F consisting of those rows of

F whose row-numbers correspond to those of the presumed near-zero

elements of Do]. Form the m by m matrix A0A0. Then,

AA0U0 = Po (solve for U0), (II )

U0 normalized = Pl, (12)

V1 = FP1, (13)

EV1] = V1 rearranged . (14)

P1 , V1, and [V1] are the revised values at the end of the first

iteration. A new cutting point is set, a new submatrix Al

is thereby defined; anti the second iteration is

of F

A1A1U1= P1 (solve for U1), (15)

Ul normalized = P2 , (16)

V2 = FP2 (17 )

[V2] = V2 rearranged . (18)

At about the second iteration, the largest one or a few negative

elements df [V2] are examined. If they are larger than the largest

positive near-zero, they are given weights of 2, 3, or more. We now

have a weight vector, W2, most of whose elements are unity, but with



ii

-

18

one or a few which are larger. Then in place of (15)

A A

A2W2A2U2 ` P2 (solve for U2), (19)

and the rest of the third iteration proceeds as before. All of the

weights used in one iteration must be used in all following iterations

unless changed for cause. Very occasionally the one or two largest

positive near-zero loadings may be weighted also, usually only if there

is a fairly large gap above the largest.

The use of weights permits turning what is otherwise essentially a

least-squares hyperplane-fitting procedure into arough minimax pro-

cedure. The best hyperplane fit occurs when the highest positive and

the highest negative near-zero loadings are almost equal and as small

as possible.

If the one or two largest negative loadings in any [Vk], are not

substantially reduced by weighting them as much as 4 or 5, and especially

if use of these or higher weights brings new variables to the top (non-

zero region) of [Vki.1], indicating a swing of the hyperplane toward a

different factor, these one or two variables are removed from the near-

zero list and we have a lower cutting point as well as an upper cutting

point to define the next A-matrix. Such variables are then accepted as

having intrinsically nejative loadings on the factor in question.

Note that by aiming for the positive manifold, we have placed within

the subspace bounded by the hyperplanes (including the hyperplane bounds

defined by the near-zero loadings), every test-vector which can be so

placed by reflection. If all the test vectors do not actually lie in the

positive manifold, they do at least all lie on one side of the hyperplane

orthogonal to the first principal axis. And this axis, with all coordin-

ates positive, lies fairly close to the center of the positive manifold.

If a test then has an intrinsically negative loading, its vector lies

outside the subspace bounded by the hyperplanes, and the corresponding

factor is intrinsically bipolar. The number of such test vectors must

be small: if it were not, the hyperplane would not be ef4ectively a
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boundary of ffe configuration. Consistent aim for the positive mani-

fold is necessary to assure the finding of the bounding hyperplanes by

consideration of the signs of the loadings, without the use of plots.

The iterations for each factor are continued until all the near-zeros

are as small as possible. They may be continued also to complete con-

sistency, which occurs when every loading in [V
k + 1

] which was treated

as a near-zerc in [V
k
] is numerically smaller than every other; i.e.,

when the next A-matrix would have the same rows identically as had the

immediately preceding A-matrix. Complete consistency may be reached

earlier than good minimax fit, but the reverse is likely to be the case

unless there is a substantial gap between the highest positive near-zero

loading and the lowest positive non-zero loading, and a similar situation

exists at the negative end if the factor is intrinsically bipolar.

When the rotation is complete, each final Vk becomes one column

of the simple-structure factor matrix V, and each Pk becomes the

corresponding column of the transformation matrix A. At this point,

any tests which were reflected in the factor matrix and/or the F-matrix

can be re-reflected. All that is necessary is to re-reverse the names

of these tests, and to change all signs In the corresponding rows of F

and V. The transformation matrix A is not affected. This pro-

cedure leads to nominally bipolar factors, with test vectors some of

whose termini lie below the hyperplane orthogonal to the first principal

axis. An intrinsically negative loading may even become nominally

positive if the corresponding test is re-reflected. Whether or not tests

should be re-reflected is an issue of interpretation rather than of

analysis.
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Chapter Two

THE TESTS AND THE SAMPLES

The test battery included 91 tests: 43 from the Project

TALENT battery and 48 from the other four batteries.

The Project TALENT tests included all those in Information I

except the Screening test, all those in Information II which

had at least nine items, and all of the other educational and

aptitude tests. The Vocabulary scores from Information I and II

were combined into one score, and the Hunting and Fishing scores

(each based on five items) were also combined. These tests

were given in March and April 1960 as a part of the national

Project TALENT testing program.

The other tests were administered at various times during

the fall of 1960, from late September to early December.

The Essential High School Content Battery (Form BM, (950)

was administered as a part of the regular fall high school

testing program. For the Mathematics, Science, and Social

Studies tests, only the total scores were used, but for the

English test separate scores were recorded for the Reading,

Vocabulary, Business Definitions, Use of References, Literature

Acquaintance, Language Usage, Capitalization and Punctuation,

and Spelling subtests,

The Flanagan Aptitude Classification Tests included 17

of the 19 tests-of the 1957 edition: all except Precision and

Coordination.

For the Differential Aptitude Tests (third edition, 1947,

Form A), all tests were used, and for the Language Usage test,

the Spelling and Sentences parts were scored separately.

All tests of the General Aptitude Test Battery (separate-

answer-sheet Form A, B-1002A, 1952, and the apparatus tests)

were used.
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With the exception of the General Aptitude Test Battery,

which was administered by personnel of the local office of the

State Department of Employment Security, all tests were admin-

istered by the teachers, under the general direction of the

Project TALENT Regional Coordinator and the Director of Guidance

of the school system.

The students and teachers of ten county schools partici-

pated in the study. About half the students came from the

suburban areas surrounding a city of about 120,000 population,

and about half came from rural areas. About 1600 took the

Project TALENT tests as high school juniors in late March and

early April. Of these about 1500 took one or more of the other

four tests the following fall.

A large number of students missed one or more test sessions,

and in one school it was discovered that in one class the teacher

had shortened the time limit for one test by almost one-half

because the bus driver wouldn't wait.

The rosters of scores from the four non-TALENT batteries

were sent to the Project TALENT office to be punched on IBM

cards, transferred to tape, and merged with the Project TALENT

scores. In the merging process more cases were lost because of

inconsistent identification data on the many answer sheets and

record forms of each student. Efforts were made by the regular

Project TALENT staff to resolve as many of these inconsistencies

as possible by hand sorting of answer sheets by school and sub-

sequent correction of the cards, but with only limited success.

For the regular Project TALENT staff, this has been a

peripheral study, to be pursued when work on the major studies

permitted. In consequence, several years elapsed between the

completion of the testing and the delivery to me of the final

data tape.

When frequency distributions were prepared and examined,

those of the Precision and Coordination subtests of the Flanagan

Aptitude Classification Tests appeared so anomalous in comparison
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to the others that some sort of error in either administration

or scoring was strongly suspected. By this time the answer

booklets were no longer available to check for possible scoring

errors, so these two tests were deleted from the battery.

As a result of all the factors noted above, the sample was

greatly reduced. In the interest of consistency it was decided

to employ for factor analysis only those subjects for whom com-

plete data were available. The total number of such subjects

was 543: 257 boys and 286 girls. Since there are substantial

sex differences on some of the tests, it had been decided at the

outset to perform separate factor analyses for the boys and the

girls.

Table I lists the 91 tests by title, gives a brief descrip-

tion wherever the nature of a test is not obvious from its title,

and records a code symbol (for the Project TALENT tests) or a

subtest number for each test, and also the maximum possible

raw score. For most of the tests the maximum raw score is the

number of items, but for a few multiple marking is used with

variable credit per item, and in these cases the maximum score

is greater than the number of !tem-exercises.

From Table I it may be seen that the maximum raw scores

range from 9 to 150. There are, hence, large differences in the

test consistencies (form-associated reliabilities), with corres-

ponding large differences in the upper limits of the communalities.

The elapsed time between the administration of one test and another

varies from a minute or two (between tests administered serially

from the same booklet) to over nine months, and the mean time

interval separating the administration of the Project TALENT

tests from the administration of the other tests is about seven

months. Time-associated errors are therefore highly variable:

correlations between tests administered months apart will be con-

siderably attenuated in comparison with correlations between

tests administered on the same day. The sizes of the error
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factors in these data will therefore be larger than they would

be if the tests were more nearly equal in reliability and were

all administered in a few consecutive sessions. Hence we cannot

expect to be able to extract as many substantive factors as we

might under these latter conditions. The relatively modest

sizes of the final samples (in relation to the number of variables)

wiil impose further limits on the numbers of salient factors.
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Table I. The Tests

Var.

No.

Code or

Subtest

Title of Test Max.

ScoreProject TALENT

R102 +
RI62 Vocabulary 30

2 R103 Literature (information) 24

3 R104 Music (information) 13

4 R105 Social Studies (information) 24

5 R106 Mathematics (information: verbal) 23

6 R107 Physical Science (information) 18

7 R108 Biological Science (information) 11

8 R109 Scientific Attitude 10

9 RII0 Aeronautics and Space (information) 10

0 RIII Electricity and Electronics (information) 20

1 RII2 Mechanics (information) 19

2 RII3 Farming (information) 12

3 RII4 Home Economics (information) 21

4 RII5 Sports (information) 14

5 RI31 Art (information) 12

6 RI32 Law (information) 9

7 RI33 Health (information) 9

8 RI39 Accounting, Business, Sales (information) 10

9 RI42 Bible (information) 15

20 RI45 +
RI46 Hunting and Fishing (information) 10

21 RI47 Outdoor Activities, Other (information) 9

22 R2I1 Memory for Sentences (memorize 40 short

sentences. For 16, supply one missing

word later) 16

23 R212 Memory for Words (Study 24 "Vlaznoor"-

English pairs. For 24, recognize English

equivalent later) 24

24 R220 Disguised Words (Recognize SURKL, e.g., as

round) 30

25 R23I Spelling (Identify misspelled word if

any from list of 4, plus "None of above") 16

26 R232 Capitalization (Paragraph all L.C. Mark

Cap. or no Cap. for 33 words) 33

27 R233 Punctuation (Sixteen short sentences, not
punctuated; 3 to 5 versions of one or two
words; check version correctly punctuated.
Also eleven "sentences" to be identified as
incomplete, complete, or two sentences run

together.) 27

28 R234 Usage (Sentence with missing word or phrase.

Select best fill-in) 25

29 R235 Effective Expression (Same sentence in 3
or more versions. Select best) 12

30 R240 Word Functions in Sentences (Stem sentence

and answer sentence. Select word in
answer sentence which has same function as
capitalized word in stem sentence) 24
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Table I (continued)

Var. Code or Title of Test Max.
No. Subtest Project TALENT Score

31 R250 Reading Comprehension (Paragraph and
questions) 48

32 R260 Creativity (Practical problem stated.
Examinee selects clever solution:
answers give only first and last
letters) 20

33 R270 Mechanical Reasoning (Like Bennett) 20
34 R28I Visualization in 2 Dimensions (Rotate

key figure to match answer without
turning over) 24

35 R282 Visualization in 3 Dimensions (Pattern
and 5 fold-ups. Pick correct fold-up) 16

36 R290 Abstract Reasoning (2-way figure matrix.
Select choice for missing element) 15

37 R3I1 Arithmetic Reasoning (verbal problem and
4 or 5 options) 16

38 R3I2 Introductory Mathematics (Advanced
arithmetic and elementary algebra) 24

39 R333 A(1.71nced Mathematics (Advanced algebra,
geometry, and trigonometry) 14

40 F4I0 Arithmetic Computation (add, subtract,
multiply, and divide whole numbers) 72

41 F420 Table Reading (Two-ergument table:
dollar entries) 72

42 F430 Clerical Checking (Like Minnesota name
checking) 74

43 F440 Object Inspection (Identical forms: one
different) 40

Flanagan Aptitude Classification Tests

44 I Inspection (Identical forms: one
different) 80

45 2 Mechanics (Pictures, each with,several
questions) 30

46 3 Tables (Two-argument tables: RPM and
Name entires) 120

47 4 Reasoning (Verbal Problem to formula or
answer) 24

48 5 Vocabulary 60
49 6 Assembly (3-dimensional paper form

board: mechanical assemblies) 20
50 7 Judgment and Comprehension (Paragraphs

with extrapolation and inference
questions) 24

51 8 Components (Like GottschaIdt: hidden
figures, mostly 3-dimensional) 40

52 9 Planning (Organizational rearrangement:

main-step and substep position scored) 32
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Table 1 (continued)

Var. Code or Title of Test Max.

No. Subtest Flanagan Aptitude Classification Tests Score

53 10 Arithmetic (Add, subtract, mixed add and

subtract, count X's, multiply, divide, mixed

multiply and divide) 120

54 II Ingenuity (Like 32: TALENT Creatrvity) 24

55 12 Scales (Graph reading) 72

56 13 Expression (Grammatical sentences TF--40;

best and worst sentence out of 3--I2) 64

57 15 Alertness (Find dangerous item in

picture) 36

58 17 Patterns (Copying on graph paper: 18

direct and 12 upside down) 60

59 18 Coding (6 categories and 5 subcategories

each. Memorize codes: practice exercises.

3 and 6 choice) 120

60 19 Meolory (Code memory: 30-choice) 30

Differential Aptitude Tests

61 1 Verbal Reasoning (Verbal analogies: 2-blank) 50

62 2 Numerical Ability (Arithmetic computation:

easy to hard) 40

63 3 Abstract Reasoning (Figure classification) 50

64 4 Space Relations (Pattern and fold-ups,

mult. mark) 100

65 5 Mechanical Reasoning (Bennett) 68

66 6 Clerical Speed and Accuracy (Match pairs

of letters and numbers from booklet to

answer sheet) 100

67 7-1 Spelling (single words: IF) 100

68 7-11 Sentences (each divided into 5 parts: mark

all parts which contain errors in

grammar, punctuation, or spelling. 50

items, 250 parts, 95 actual errors. R-W) 95

General Aptitude Test Battery

69 1 Name Comparison (Like Minnesota) 150

70 2 Computation (Arithmetic computation easy

to hard) 50

71 3 Three-dimensional Space (Pattern and

fold-ups) 40

72 4 Vocabulary (same-opposite) 60

73 5 Tool Matching (Identical forms: much

more speed than in TALENT and FACT

1

76

75 7

8 Mark Making (Make " in as many as possible

5/16" square boxes) 200

Arithmetic Reasoning (Verbal problems)
Form Matching (Two half-pages of same forms

omin rand arrangements)

inspection)

60

49

74 6 25
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Var.

No.

Code or
Subtest

Table I (continued)

Title of Test Max.

ScoreGeneral Aptitude Test Batter

77

78

79

9

10

II

Peg Board: Place (Move 48 pegs from one

part of peg board to the other. 3 trials

Peg Board: Turn (Turn each peg over and

replace in same hole. 3 trials)

Rivet Assemble ;Pick up rivet, insert

washer, and put in corresponding hole

144

144

on other side of board) 50

80 12 Rivet Disassemble (Remove rivet and washer

from hole, put rivet in corresponding

hole, put washer on rod) 50

Essential High School Content BatterN

81 1 Mathematics (Arithmetic, algebra, geometry,

graph reading, table reading) 66

82 2 Science (information, reasoning from data) 70

83 3 Social Studies (information, map locations 90

84 4A Reading (Story and questions) 15

85 4B Vocabulary 15

86 4C Business Definitions (3-5 matching) 12

87 4D Use of References (12-15 matching) 12

88 4E Literature Acquaintance (information) 15

89 4F Language usage (Sentences: find errors:

TF) 60

90 4G Capitalization and Punctuation (TF) 60

91 4H Spelling (Words in sentences: TF) 60
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Chapter Three

PROCEDURES AND RESULTS

Each of the two 91-variable correlation matrices was factored

to 16 factors. Table 2 gives the means and standard deviations for

ithe 257 boys and the 286 girls.

Table 3 gives data for deciding on the number of salient fac-

tors. The scree test, based on the eigenvalue differences, suggests

either 8 or 10 factors for the boys, and 8 factors for the girls.

For bolh groups, the normal deviate from the Bargmann test suggests

nine factors (see figures in parentheses in Table 3).

Tables 4 an.d 5 show the initial principal-axes factor matrices

to twelve factors. In these and all later tables, decimal points

properly preceding each factor loading are omitted. In each table,

the largest entry in each of columns 9, 10, II, and 12 is in paren-

theses. It is clear that no test will lose any considerable part

of its total coMmon variance if we stop at ten factors. This state-

ment becomes somewhat less clear if we stop at eight. And contrary

to the results of Table 3, the highest loading for any factor beyond

the eighth is on factor 10 for the girls.

In view of these somewh.7.t equivocal and inconsistent results,

it was decided to rotate ten factors first for both sets of data.

Ten-factor computed communalities from the initial factor matrices

were put in the diagonals of the correlation matrices, which were

then re-factored. The results agreed essentially with those of

Tables 3, 4, and 5. The scree test for the boys showed reversals at

eight and again at tan factors, the scree test for the girls showed

one reversal at eight, the Bargmann test indicated nine significant

factors for each matrix, and the highest loadings on both factors 9

and 10 were for the girls.

The promax rotations tor the two samples yielded the following

results for notated factors 9 and 10:
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Factor 9: Boys

Var.

No.

Code or
Subtast

Test

Name

Factor

Loading

52 FACT-9 Planning .367

50 FACT-7 Judgment and Comprehension .302

60 FACT-!9 Memory (for code) .298

59 FACT-I8 Coding .268

54 FACT-II Ingneuity .261

44 FACT-I Inspection .260

46 FACT3 Tables .240

55 FACT-I2 scales .229

90 EHSCB-4G Ca italization and Punctuation 223

Factor 9: Girls

Var. Code or Test Factor

No. Subtest Name Loading

43 F440 Object Inspection .496

41 F420 Table Reading .412

Factor 10: Boys

Var. Code or Test Factor

No. Subtest Name Loading

88 EHSCB-4E Literature Acquaintance .308

48 FACT-5 Vocabulary .289

2 R103 Literature (information) .281

39 R333 Advanced Mathematics .280

3 R104 Music (information) .277

Factor 10: Girls

Var. Code or Test

No. Subtest Name

59 FACT-I8 Coding

60 FACT-I9 Memory (for code)

46 FACT-3 Tables

55 FACT-I2 Scales

53 FACT-I0 Arithmetic

76 GATB-8 Mark Making

Factor

Loading

.426

.324

.272

.244

.228

.202
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Table 2. Means and Standard Deviations

Boys (257) Girls (286)

Var. Mean Std. Dev. Mean Std. Dev.

1 19.81 5.31 18.54 5.29

2 13.78 4.44 13.52 4.13

3 6.24 2.89 7.13 2.78

4 15.82 5.04 13.09 4.66

5 10.85 5.52 7.73 4.84

6 10.34 4.04 6.81 3.58

7 7.46 2.24 6.12 2.18

8 6.38 1.75 6.65 1.70

9 5.23 2.34 2.95 1.76

10 9.45 4.27 4.95 2.27

11 13.17 2.96 8.28 2.56

12 9.03 1.77 8.31 2.09

13 9.03 2.85 13.55 3.03

14 8.95 2.85 6.00 2.68

15 6.48 2.29 6.68 2.42

16 5.59 1.71 4.87 1.63

17 6.63 1.66 6.92 1.61

18 4.69 1.92 4.85 2.00

19 8.65 3.54 8.98 3.03

20 4.84 1.97 2.34 1.29

21 5.53 1.88 4.45 1.70

22 8.89 2.92 10.12 2.89

23 11.86 5.33 13.97 5.79

24 14.66 6.05 16.52 6.64

25 9.51 2.76 10.85 2.50

26 30.07 2.49 30.93 2.35

27 18.48 4.35 20.56 3.78

28 17.04 3.14 18.00 2.82

29 8.90 2.23 9.43 1.79

30 12.18 5.83 14.14 5.99

31 33.30 10.33 34.10 8.70

32 10.12 4.12 9.19 3.26

33 13.42 3.52 9.13 3.21

34 14.54 5.60 12.52 5.15

35 9.86 3.08 8.74 2.66

36 9.38 2.79 9.30 2.71

37 9.35 3.48 8.53 3.28

38 11.96 4.93 10.83 4.57

39 4.17 2.61 3.13 1.89

40 28.86 18.15 32.08 16.86

41 11.38 8.25 11.65 4.70

42 25.56 18.15 30.56 16.40

43 21.71 7.57 22.63 6.30

44 50.04 9.42 51.85 9.18

45 13.92 4.80 9.46 2.68

46 49.62 11.79 53.74 12.02

47 10.80 5.10 9.20 4.61

48 21.12 11.04 21.76 10.55

49 11.61 4.07 10.58 3.56



Table 2 (continued)

Var.

Boys 257) Girls (286)

Mean Std. Dev. Mean Std. Dev.

50 15.46 4.02 14.55 3.66

51 23.19 7.79 21.57 7.01

52 22.68 5.30 23.85 4.55

53 48.50 10.67 48.26 10.26

54 15.04 4.52 14.15 4.29

55 26.57 8.42 23.46 7.85

56 42.84 7.80 46.67 7.65

57 26.84 4.68 24.11 4.51

58 17.76 10.79 14.26 9.47

59 106.24 16.60 110.28 14.81

60 18.80 7.55 19.34 7.32

61 26.78 10.08 26.76 10.01

62 23.81 10.16 19.75 10.28

63 30.12 10.22 29.54 10.37

64 52.87 22.39 48.53 19.46

65 44.25 11.44 28.84 10.28

66 58.39 11.80 64.40 9.90

67 55.50 25.45 -67.94 21.36

68 39.13 17.59 46.85 16.46

69 53.84 10.36 61.83 11.70

70 26.51 4.73 26.60 4.94

71 20.07 5.27 18.47 4.64

72 21.79 7.49 23.00 7.55

73 33.99 5.05 35.95 4.88

74 13.16 3.19 12.23 3.28

75 30.04 5.69 30.46 5.66

76 69.92 8.95 74.05 7.32

77 89.04 7.81 87.13 7.80

78 97.57 8.21 101.22 8.41

79 27.06 4.07 29.10 4.15

80 28.54 3.13 29.68 3.23

81 34.47 13.32 27.42 11.89

82 41.53 12.06 36.09 10.62

83 42.62 12.99 37.88 11.02

84 10.97 2.26 10.55 2.32

85 10.12 3.23 10.28 3.10

86 7.79 2.12 7.56 2.16

87 7.21 2.50 7.42 2.30

88 7.77 2.70 8.68 2.71

89 42.42 5.96 43.72 6.01

90 48.78 6.91 51.49 5.08

91 46.95 7.73 50.48 6.03

31
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Table 3. Data for Decisions on Numbers of Factors

Factor

Boys Girls

Eigen-
value

Per Cent

Diff.* of Trace

Normal

Deviate

Eigen-

value

Per Cent

Diff. of Trace

Normal

Deviate

1 33.28 58 44.8 31.55 58 42.98

27.41 26.16

2 5.87 68 33.54 5.40 68 30.02

1.56 1.88

3 4.31 76 22.97 3.52 74 20.80

1.77 1.29

4 2.54 80 15.90 2.23 78 13.93

.89 .66

5 1.65 83 12.48 1.57 81 9.22

.28 .29

6 1.37 85 9.04 1.28 84 6.80

.15 .14

7 1.22 88 6.12 1.14 86 3.99

.07 .06

8 1.15 90 2.68 1.08 88 1.54

(.17) (.16)

9 .98 91 (.24) .91 89 (-.57)

.06 .04

10 .91 93 -2.14 .87 91 -2.58

(.15) .05

11 .76 94 -3.89 .81 93 -4.51

.03 .06

12 .73 96 -5.90 .75 94 -6.44

.03 .07

13 .70 97 -7.54 .68 95 -7.99

.09 .05

14 .61 98 -9.39 .63 96 -9.67

.02 .01

15 .59 99 -10.98 .63 97 -11.30

.03 .06

16 .56 100 -12.62 .57 99 -12.97

*Eigenvalues and elgenvalue differences were rounded separately. In

consequence the reported differences will sometimes differ from the

differences between rounded eigenvalues by + .01.
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Table 4. Initial Factor Matrix: Boys

Var. I 2 3 4 5 6 7 8 9 10 11 12

I 854 -216 078 169 014 -030 038 -019 -016 -079 -067 020

2 703 -235 -009 250 -112 -168 -036 241 -075 012 061 053

3 622 -126 023 205 -130 -278 041 193 -131 037 -049 -024

4 748 -249 -046 149 -004 154 049 215 -025 -011 041 -079

5 840 -069 -017 -217 !02 -025 -105 126 -114 089 -016 -076

6 825 -106 086 064 142 -024 -009 -034 -075 -031 028 -048

7 699 -100 120 194 020 026 -021 -065 -014 014 084 -068

8 631 -169 043 -045 -059 150 -017 -009 078 -132 116 050

9 636 -120 213 176 132 -040 -073 001 029 002 118 -064

10 605 -150 430 116 235 015 -118 -092 -117 022 -060 -158

II 528 -160 260 224 302 135 -108 -150 -024 006 -111 111

12 491 -200 076 260 169 191 -064 -141 -010 115 078 053

13 442 -156 063 203 -022 065 032 004 -133 004 -159 -065

14 517 -092 -215 054 -117 136 -031 183 -025 -042 043 -123

15 664 -146 137 248 -158 024 -000 006 -096 -020 -145 III

16 649 -247 024 218 -100 179 -052 084 004 -079 -012 -015

17 617 -219 044 134 -057 095 009 -090 006 -085 -087 -098

18 558 -228 061 156 -044 165 061 034 003 -236 -172 143

19 687 -208 -026 209 -083 010 090 170 -029 -016 -036 055

20 183 -192 261 236 040 -002 -153 -223 022 074 174 -003

21 579 -140 148 254 028 140 -048 -041 022 -075 043 058

22 296 053 063 -066 -044 129 426 -038 -286 149 117 -060

23 524 -030 -158 -043 -038 -055 363 -076 -220 198 -019 074

24 609 -040 -235 220 -169 -264 -051' -085 -058 -106 -017 146

25 534 -079 -464 -114 -028 -096 -019 -266 -036 036 -164 000

26 629 -028 -230 -106 041 -013 168 029 001 -241. 044 -112

27 779 -057 -093 7169 009 -065 150 005 -047 -126 042 -102

28 690 -081 -098 -047 087 -090 061 -100 053 -102 -019 -012

29 593 -018 -120 017 007 017 173 014 039 -087 122 -070

30 739 -007 -097 -270 -044 -135 065 -005 -049 -018 -007 -050

31 836 -214 013 -012 -065 054 143 036 117 -052 087 027

32 718 -039 235 063 046 018 089 -071 -033 005 -080 030

33 584 153 540 -014 019 -089 057 -7I- -060 -088 085 -021

34 353 276 275 029 -116 -057 049 124 -011 -099 016 039

35 504 339 413 -164 -203 -072 -014 -025 -069 003 -065 -022

36 633 199 151 -247 -219 -057 049 005 007 (-289) 030 -030

37 739 -080 027 -198 088 057 018 017 -015 -178 -065 096

38 788 012 -084 -337 077 -036 -047 086 -110 001 017 007

39 606 037 044 -283 171 -189 -178 162 -iI7 212 094 008

40 533 109 -335 -077 114 233 -092 032 -177 -115 -041 -045

41 115 315 -196 261 -149 020 -121 -170 -218 -120 (292) 065

42 236 310 -289 260 -223 -116 -121 -145 -112 -165 213 052

43 115 428 -016 175 -159 -197 027 -025 -247 -035 045 :,)04

44 328 617 145 197 -113 018 -037 039 173 098 010 -:00

45 581 -049 358 -036 187 -019 -117 -054 -141 074 054 -147

46 488 535 -308 102 035 145 -048 -082 012 103 064 030

47 813 064 -001 -248 053 -023 -118 047 018 078 011 103

48 754 -254 -042 117 -092 -278 -120 080 -006 054 -071 123

49 501 384 198 -193 -177 005 075 104 084 175 144 088

50 720 -115 174 006 036 138 -018 -013 248 031' 040 078
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Var. I 2 3

Table 4 (continued)

4 5 6 7 8 9 10 II 12

51 510 340 200 065 -082 096 -064 -020 -175 129 -131 059
52 653 -031 -027 035 008 123 051 026 (318) 021 -006 080
53 497 388 -470 -048 086 181 -166 089 -080 -026 155 090
54 704 005 061 092 -031 004 -026 -098 206 123 083 168

55 566 499 -018 010 -021 150 -041 -123 065 032 -003 025
56 793 -075 -114 -157 009 -186 105 -103 117 029 004 -030
57 148 396 172 410 -084 024 073 054 015 038 -007 -029
58 436 408 155 -231 -027 090 -003 -155 -036 -050 -104 (266)

59 346 157 -230 143 -013 265 183 -091 -002 090 -046 -008
60 466 170 -171 051 -054 252 335 -061 -072 225 -167 103

61 869 -162 053 -060 -108 -038 049 -043 063 -007 -002 081

62 811 077 -120 -258 -003 091 -107 028 -000 -003 045 039
63 700 172 198 -253 -151 005 080 042 139 -081 017 '099

64 593 377 416 -234 -112 -018 050 -040 137 -032 -007 013
65 528 III 550 -109 056 -005 -019 -211 -018 -045 020 -052
66 220 613 -298 214 -032 -011 056 039 018 029 082 -111

67 620 -174 -432 -062 037 -117 -067 -318 031 029 -083 -008
68 798 -121 -116 -105 -027 -174 068 -086 037 031 -093 -007
69 460 383 -403 101 -090 -009 -153 -120 080 -002 -182 -167
70 624 218 -388 -206 113 182 -169 087 -052 -053 -033 -003
71 446 424 461 027 -074 -032 -091 -003 -098 -001 -074 -049
72 840 -181 -085 171 056 -134 -103 -024 075 -037 -012 071

73 274 561 -057 195 -129 -058 -072 117 163 -079 -219 -222
74 784 090 -184 -145 054 134 -234 063 -038 -078 -027 057
75 332 565 087 059 -101 -053 -144 017 102 119 -108 -082
76 157 278 -406 219 311 -158 166 021 071 -107 023 060
77 128 435 -039 170 446 -104 157 027 139 032 001 082
78 233 312 014 131 502 -266 129 121 076 -144 -043 052
79 192 401 182 019 274 030 107 129 -135 -132 -007
80 283 499 041 114 311 -094 071 119 -040 029 -045

.156

-060
81 806 075 -085 -223 097 042 -176 108 -095 120 -004 067
82 880 -142 080 022 068 001 -011 -024 -009 104 071 001

83 748 -261 -055 074 -056 079 -047 227 -024 065 -044 -030
84 699 -100 059 011 069 072 -002 033 097 046 216 -110
85 779 -202 -008 043 -108 -135 029 043 047 047 -024 015
86 585 -192 -040 042 029 132 -002 161 -006 025 -066 -106
87 686 -023 -014 -043 -152 -016 -021 089 082 128 -032 -108
88 177 -102 -201 243 -078 -124 -056 142 070 218 054 215
89 739 -125 -090 -091 028, -173 103 -016 098 103 089 -120
90 647 004 -160 -040 -063 103 185 -051 112 -009 133 -198
91 671 -174 -354 -024 017 -131 -045 -288 002 110 -037 -102
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Var. I 2

Table 5. Initial Factor Matrix: Girls

3 4 5 6 7 8 9 10 II 12

1 831 -317 -081 102 -040 -057 -056 -009 -028 -009 -030 037

2 730 -347 -024 145 -080 106 -084 -028 091 045 III -056

3 671 -152 -146 119 027 043 -103 042 -091 045 055 -054

4 674 -307 024 199 -120 073 028 -039 002 058 110 114

5 773 -028 145 -279 -189 -010 -140 -002 100 -005 029 053

6 667 -296 137 -063 -046 058 -081 -032 140 -068 -049 077

7 635 -334 -029 060 -035 049 002 -052 030 -078 015 173

8 557 -III 000 012 037 -013 123 -002 -046 -080 014 -150

9 425 -276 129 155 -113 090 -117 -065 090 210 077 067

10 341 -170 160 088 -194 -022 025 002 076 -077 (-277) 147

11 404 -196 201 176 085 -223 142 005 157 061 -225 145

12 605 -222 064 206 -053 -195 189 100 020 -004 -086 019

13 442 -033 069 113 097,, -377. 145 _018 005 -015 050 150

14 608 -094 055 159 -155 175 083 -032 -023 027 -053 031

15 630 -308 -028 274 014 016 -151 012 018 -086 078 -013

16 536 -263 009 106 -164 -046 100 -038 047 031 137 -060

17 565 -193 -095 030 -113 -201 039 -094 005 024 059 029

18 619 -276 053 092 -120 -039 029 -021 -099 -007 -044 -036

19 611 -322 -061 062 -047 060 082 -083 -064 014 055 -124

20 053 -124 -018 135 015 028 093 072 198 155 028 196

21 522 -168 107 092 -027 -090 005 -004 211 -010 090 -067

22 408 080 -046 027 098 408 115 -043 259 -097 -095 -070

23 496 -061 -041 -045 262 323 -071 -115 214 080 -050 -042

24 672 058 -283 056 159 -022 -234 016 -034 123 -086 079

25 474 074 -465 -076 204 003 -051 -006 199 -050 -078 115

26 550 193 -217 170 195 036 052 023 099 -264 130 027

27 735 087 -141 -185 118 -174 -021 022 009 013 117 -068

28 613 e-057 -214 -044 143 -011 002 081 102 -129 052 -103

29 538 -161 -123 036 179 049 -083 001 048 -101 -214 -110

30 770 086 -021 -149 083 014 -081 -108 -092 004 011 -022

31 830 -182 -014 074 053 064 034 -038 -067 015 -012 -015

32 631 -070 109 137 072 234 -119 -088 -016 -059 -092 -055

33 547 020 346 089 253 -017 -029 -065 114 010 -032 149

34 391 249 260 -084 136 -052 -075 067 051 131 014 011

35 435 142 508 -026 195 060 -054 -003 -047 -007 041 107

36 639 154 233 -044 157 043 -005 -095 -067 -098 141 020

37 705 -019 117 -258 -094 -028 118 -074 -109 012 -027 019

38 742 078 089 -382 -110 040 -013 -107 045 -135 -039 028

39 446 094 169 -308 -148 186 -265 009 090 -108 098 075

40 568 334 -222 -096 027 -007 253 086 014 -162 042 116

41 204 443 -147 149 192 200 016 -076 -189 194 007 210

42 318 210 -207 067 -042 001 -065 042 -185 III -131 (228)

43 175 334 108 191 173 128 -170 -080 (-315) 053 130 178

44 341 433 099 319 -123 022 -094 163 -093 056 -038 -051

45 274 000 133 044 -087 -005 -085 -141 074 -135 -233 158

46 484 510 -126 133 -170 094 110 107 019 123 -108 -054

47 726 -034 157 -327 -182 021 -073 -097 -029 -019 036 -048

48 765 -295 -089 024 -104 029 -238 055 022 699 026 026

49 481 165 406 024 017 -129 063 091 -019 -038 -029 -004

50 749 -143 115 010 015 -003 081 -059 -224 -042 -073 -096
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Var. 2

o

3

Table 5 (continued)

4 5 6 7 8 9 10 11 12

51 460 233 286 054 105 -023 -182 122 139 191 112 -106
52 605 -003 -043 032 115 058 229 014 -010 -086 -078 026
53 578 492 -201 -171 -254 046 III 072 007 066 -115 074
54 655 -119 056 117 -002 -061 021 003 -055 008 -094 -149
55 563 398 189 048 -051 -058 113 107 144 139 -091 -046
56 784 -011 -226 -055 164 -071 -082 064 -158 '071 -088 -154
57 320 065 214 471 -095 110 106 067 -045 -151 -043 -054
58 465 271 343 -056 094 -052 056 138 073 132 083 -169
59 361 121 -073 036 -109 008 246 -132 076 (338) 178 004
60 528 027 049 -029 053 346 206 -007 068 202 033 -003
61 892 -149 036 -088 033 -104 004 -040 -075 074 -024 -060
62 766 13, 125 -372 -071 -003 079 -012 -054 010 001 005
63 702 133 175 -114 217 059 056 -057 -100 -055 005 043
64 584 199 514 -056 196 -052 -011 099 -061 049 -050 -088
65 619 -004 329 058 182 -036 063 -078 -019 066 -078 -107
66 316 434 -172 216 -201 256 018 114 -007 -063 -065 -103
67 569 017 -480 -103 137 -173 -004 110 109 150 -155 -021
68 788 -011 -254 -091 102 -066 -050 063 -041 064 -134 -177
69 572 373 -293 115 -206 038 -117 184 -026 -049 036 -038
70 695 376 -123 -224 -176 -007 095 105 -022 013 012 103
71 523 288 383 123 064 -057 -052 215 122 -090 102 046
72 856 -142 -203 053 -070 -052 -071 056 -032 081 -004 -005
73 451 353 -058 187 -169 015 -045 203 -011 -238 149 011
74 747 259 063 -296 -144 001 102 -014 -049 002 -022 062
75 410 428 067 219 -054 -116 -186 176 077 -062 -036 -000
76 229 448 -345 139 -072 -033 051 -307 097 048 096 -072
77 085 468 -020 098 -179 -111 -126 -324 070 005 -124 -127
78 200 438 -050 288 -043 -143 016 -427 061 -020 077 019
79 310 434 074 150 053 -173 -058 -253 056 -095 021 047
80 219 453 062 074 -058 -163 -111 -295 016 -044 -070 -134
81 794 076 143 -303 -224 021 -043 -010 047 -022 042 048
82 827 -269 011 009 -061 -042 017 -002 021 -011 -037 037
83 779 -317 -022 082 -165 042 064 -042 -046 060 094 -049
84 678 -169 -008 071 -011 081 159 -073 -147 -048 -064 -029
85 762 -103 -117 044 068 -009 -072 086 -153 -038 -014 058
86 556 -174 057 098 -073 -059 090 021 -062 -042 136 027
87 700 -053 -068 018 -003 -002 -044 -017 -147 -023 017 076
88 315 -169 -091 063 -152 -133 -228 062 067 043 115 013
89 733 -047 -210 -108 137 -013 -056 -054 -011 -063 010 -035
90 600 127 -258 -033 212 -036 z42 019 046 -140 245 004
91 663 024 -486 -066 183 -115 -069 023 064 024 051 087
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These tables include, for each factor, all positive loadings of

.200 or higher. The highest negative loading for any one of them

was -.206 (Var. 36: R290, Abstract Reasoning) on Factor 10: Boys.

For the other three factors, the highest negative loadings were all

smaller than -.200.

For Factor 9: BoO, there is no clear substantive interpreta-

tion. About the only thing the tests have in common is that all

but the last come from the FACT battery. The best interpretation

would seem to be that this is a time-associated error factor.

Factor 9: Girls is a doublet of not-too-clear meaning. In the

non-TALENT batteries there are other tests quite similar to Object

Inspection and Table Reading. This would seem to be a small percep-

tual-speed factor, emerging as a separate doublet only because

both of these tests were administered consecutively at the same

test sefsion.

Factor 10: Boys includes the two literary knowledge tests,

but only one of the four vocabulary tests, and it is not clear why

Advanced Mathematics is related to these tests. With highest

loading .308, it is probably best interpreted as an error factor.

Factor 10: Girls is fairly similar to Factor 9: Boys. It

seems to be mainly a FACT factor, dominated by a doublet generated

by lack of experimental independence of the FACT Coding and Memory

tests.

Since none of these factors permitted any clear substantive

interpretation, new communalities were computed for the first eight

factors of Tables 4 and 5 and put into the diagonals of the cor-

relation matrices, which were then re-tactored. The results were

again fairly similar to those of Table 3: the scree test showed

reversals at eight and ten factors for the boys and at eight factors

only for the girls, and the Bargmann test again suggested nine

statistically significant factors. In this case, however, the

highest loadings on both factors 9 and 10 were for the boys. The

eight-factor principal axes matrices are shown in Tables 6 and 7.

Since this was the main study, each promax rotation was followed

by eight s.igle-hyperplane rotations. Complete consistency was not
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Table 6. Principal - Axes Factor Matrix: Boys

Var. I 2 3 4 5 6 7 8 Communalities

I 855 -218 080 174 013 -033 038 019 818

2 704 -237 -008 255 -117 -156 -081 -259 728

3 621 -126 024 206 -130 -274 -023 -203 579

4 748 -249 -C45 151 -008 157 056 -209 717

5 842 -069 -017 -223 110 -010 -128 -131 809

6 825 -106 087 066 146 -010 -013 028 726

7 697 -099 119 189 021 031 -011 060 551

8 629 -166 042 -045 -055 148 020 005 453

9 635 -119 211 174 129 -026 -071 003 515

10 605 -149 429 116 240 029 -124 099 670

II 527 -159 260 223 304 146 -087 163 569

12 490 -198 075 252 160 190 -036 140 432

13 440 -153 062 191 -023 057 019 -005 261

14 515 -089 -206 051 -108 130 -018 -153 371

15 663 -145 136 243 -156 026 -015 -005 563

16 648 -246 025 215 -101 184 -038 -075 579

17 615 -217 044 130 -054 088 026 092 464

18 555 -223 -061 148 -043 143 073 -031 412

19 687 -208 -024 209 -086 009 075 -176 603

20 182 -185 249 213 038 011 -125 185 225

21 578 -138 146 245 025 138 -024 041 456

22 294 052 061 -053 -041 076 341 -005 219

23 522 -030 -153 -038 -039 -082 297 035 395

24 608 -041 -233 219 -169 -251 -082 073 577

25 533 -079 -463 -112 -030 -101 -021 271 603

26 627 -027 -225 -098 038 -024 171 -040 486

27 779 -057 -093 -167 009 -077 152 -022 676

-28 688 -080 -097 -043 084 -094 065 085 519

29 592 -018 -118 019 003 001 182 -029 398

30 739 -007 -097 -269 -044 -141 054 -004 653

31 837 -215 015 -010 -069 048 171 -039 785

32 717 -038 231 064 044 009 083 061 585

33 585 154 541 -014 023 -097 056 158 697

34 352 271 267 029 -108 -051 038 116 299

35 504 342 414 -166 -205 -076 -030 026 620

36 632 199 148 -240 -207 -061 057 -020 568

37 738 -079 026 -193 087 055 034 -026 601

38 789 014 -086 -342 083 -028 -060 -101 769

39 605 038 042 -279 173 -160 -218 -157 575

40 531 108 -329 -072 106 227 -069 -029 475

41 115 306 -188 243 -135 026 -110 125 248

42 235 303 -279 248 -209 -098 -122 114 368

43 115 419 -016 167 -148 -181 -020 -005 272

44 327 613 143 196 -114 021 -026 -012 556

45 580 -047 355 -036 188 -005 -131 051 521

46 488 )35 -308 106 028 144 -029 090 661

47 814 066 -002 -251 056 -011 -121 -046 749

48 755 -256 -041 119 -095 -270 -170 -084 769

49 499 380 194 -186 -171 -001 068 -096 509

50 718 -113 172 006 032 137 023 032 580
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Table 6 (continued)

Var. I 2 3 4 5 6 7 8 Communalities

51. 509 337 195 064 -977 093 -076 022 435

52 651 -030 -025 034 004 109 090 -000 447

53 497 391 -475 -045 086 204 -154 -092 708

54 702 005 059 088 -032 007 -006 104 516

55 565 499 -019 014 -024 145 -012 130 60V,

56 793 -075 -114 -155 009 -199 108 102 733

57 148 392 169 402 -088 016 059 -045 379

58 434 400 147 -215 -024 074 016 132 440

59 345 155 -224 140 -017 222 190 076 304

60 464 167 -167 053 ,-057 197 313 045 416

61 870 -164 054 -060 -112 -044 057 040 809

62 812 078 -122 -9',1 -002 104 -092 -024 768

63 700 '74 198 -252 -152 -004 102 -042,, 659

64 593 382 418 -237 -115 -028 070 _045 749

65 528 113 553 -112 062 -008 -007 217 661

66 220 611 -297 217 -038 -015 052 -043 563

67 620 -176 -436 -061 036 -122 -061 338 744

68 798 -121 -116 -104 -027 -183 059 084 720

69 460 380 -400 103 -092 002 -136 139 513

70 624 220 -392 -206 115 205 -152 -080 119

71 445 425 459 026 -071 -023 -109 005 -,08

72 841 -183 -086 178 056 -126 -110 031 812

73 273 548 -056 186 -122 -047 -063 -082 440

74 785 091 -187 -146 056 163 -219 -055 762

75 331 558 083 059 -098 -038 -138 007 462

76 157 277 -405 226 303 -170 164 -038 465

77 128 432 -040 172 425 -115 154 -035 452

78 233 313 013 139 505 -279 118 -137 537

79 191 394 175 022 252 020 091 -130 312

80 283 494 039 117 294 -094 050 -111 449

81 806 077 -087 -226 102 064 -193 -10 778

82 881 -143 081 023 070 007 -013 025 809

83 748 -216 -054 075 -057 091 -053 -210 694

84 698 -098 059 012 063 075 020 -025 510

85 779 -201 -007 043 -108 -133 013 -041 680

86 584 -189 -039 042 024 128 003 -136 415

87 684 -023 -012 -041 -146 -011 -022 -069 497

88 175 -099 -189 221 -068 -091 -067 -104 155

89 739 -125 -089 -089 028 -179 -097 011 620

90 645 004 -156 -037 -064 080 206 043 496

91 671 -175 -355 -024 017 -134 -049 304 721
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Var.

Table 7. Principal - Axes Factor Matrix: Girls

2 3 4 5 6 7 8 Communalities

1 833 -321 -084 103 044 056 -055 025 823

2 730 -348 -026 146 089 -109 -054 075 705

3 670 -151 -147 118 -021 -058 -100 000 :)21

4 674 -306 021 195 130 -060 050 028 610

5 774 -029 150 -280 183 009 -138 071 758

6 666 -293 136 -057 046 -058 -050 069 563

7 633 -331 -030 058 040 -040 032 051 522

8 555 -109 000 014 -034 021 103 -044 334

9 424 -270 123 146 114 -086 -061 103 324

10 340 -165 151 080 178 028 019 -018 205

II 402 -192 192 173 -081 215 086 -064 330

12 604 -220 060 203 053 200 102 -171 541

I: 441 -033 066 115 -ICI 363 066 -085 367

14 607 -093 052 153 161 -153 110 -005 464

15 630 -307 -033 273 -005 -036 -132 054 588

16 534 -255 007 097 151 057 089 003 393

17 564 -190 -094 027 103 208 044 056 422

18 617 -272 050 u88 117 048 030 -002 482

'9 609 -318 -060 058 047 -041 113 037 497

20 052 -119 -019 118 -007 -022 047 -068 038

21 520 -164 102 089 027 084 -012 012 324

22 406 078 -043 026 -076 -353 150 030 327

23 496 -062 -039 -039 -250 -323 018 159 446
24 671 058 -282 056 -157 -013 -218 068 613
25 473 073 -453 -075 -199 -016 -042 043 483

26 549 189 -213 164 -182 -042 048 -023 447

27 734 087 -138 -179 -132 164 -052 -012 645

28 611 -056 -209 -042 -139 -000 -030 -060 446

29 535 -157 -116 036 -158 -054 -052 031 357

30 769 085 -018 -142 -090 -017 -022 128 645

31 830 -184 -015 077 -051 -062 060 016 739

32 630 -070 106 140 -056 -235 -038 133 510

33 546 019 339 099 -241 008 -003 071 487

34 390 244 257 -072 -135 029 -099 -028 313

35 435 140 505 -010 -190 -071 -035 026 506

36 638 151 231 -051 -152 -038 037 087 517

37 705 -019 121 -254 084 051 136 009 605

38 742 078 096 -384 101 -025 041 115 740

39 466 094 173 -304 142 -205 -224 122 476

40 567 331 -216 -096 -033 019 195 -!66 554

41 204 433 -144 142 -171 -187 071 047 342

42 316 201 -195 056 036 -010 -060 -027 187

43 175 325 103 185 -I5 -135 -086 110 242

44 341 432 095 316 127 -045 -142 -120 464

45 273 001 125 041 080 014 -017 134 117

46 484 510 -128 128 171 -091 072 -143 590
47 727 -035 154 -332 178 -010 -031 123 714
48 765 -296 -091 023 109 -054 -244 051 759

49 480 162 400 034 -022 121 007 -106 444

50 748 -143 113 014 -013 018 098 -003 602
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Table 7 (continued)

Var. I 2 3 4 5 6 7 8 Communalities

51 459 228 277 062 -101 -011 -208 -024 397
52 604 -003 -042 033 -108 -039 205 -101 433
53 579 498 -202 -182 254 034 080 -166 743
54 653 -117 053 113 003 058 006 -026 460
55 561 393 186 052 045 058 044 -130 531

56 784 -011 -225 -052 -171 049 -104 -045 712

57 318 063 201 447 105 -095 089 -101 384
58 464 267 337 -042 -096 039 -014 -132 430

59 359 117 -070 031 095 027 220 020 207
60 527 025 048 -027 -041 -304 212 -053 423
61 893 -151 038 -084 -041 112 007 022 844

62 768 139 133 -379 060 017 081 -026 782
63 701 132 176 -101 -216 -055 083 023 608
64 584 198 517 -039 -203 035 -053 -095 703
65 618 -005 324 068 -175 042 084 040 532
66 316 431 -173 203 204 -252 011 -015 470
67 568 017 -473 -103 -147 150 -071 -101 617
68 787 -001 -252 -089 -II: 051 -075 -049 714
69 573 376 -297 109 210 -064 -186 -123 667
70 695 379 -122 -231 169 012 043 -143 746
71 522 286 380 132 -063 030 -145 -159_ 567
72 857 -144 -208 051 072 044 -100 -031 819

73 449 347 -058 176 162 -032 -106 -142 415
74 748 262 068 -302 137 017 102 -034 755
75 410 427 064 221 053 079 -258 -085 486

76 228 447 -346 134 070 064 155 262 491

77 085 467 -021 096 172 132 -005 335 394

78 201 443 -055 297 046 191 174 401 557

79 309 429 071 151 -055 176 024 236 398
80 219 448 061 075 048 169 -013 283 369
81 795 077 150 -311 222 -013 -036 035 809
82 828 -270 010 011 063 049 010 -010 765

83 779 -318 -024 080 170 -024 085 013 752
84 678 -169 -008 070 014 -056 188 -009 531

85 760 -102 -115 043 -065 -007 -087 -059 618
86 555 -172 055 095 071 066 064 -054 366
87 699 -053 -068 019 000 -003 -023 022 497
88 313 -162 -086 053 128 093 -202 035 201

89 733 -047 -207 -105 -141 006 -026 071 619
90 599 126 -253 -030 -209 045 205 -097 536
91 664 024 -487 -068 -196 096 -090 00b 739
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reached for all factors, but except in one doubtful case, all

negative loadings were reduced to values consistent with positive-

manifold interpretations. It should be noted that neither of the

original correlation matrices had a ne ative column sum, and that

no row of either Table 6 or Table 7 had initially a negative element

in the first column.

Tables 8 and 9 show the rotated factor matrices. In these

tables, and in all later tables, factor loadings are entered only

if their numerical values are .250 or above. The first column of

each table gives the variable number, to facilitate reference

back to Table I. The second column gives code symbols for the

Project TALENT tests, and battery abbreviations and subtest numbers

for the other tests. The third column gives test names abbreviated

to not more'than five characters. For the Project TALENT tests

they are abbreviations of the TALENT titles. For the other tests,

I have substituted in many cases abbreviations of similar TALENT

tests. Thus the FACT Ingenuity test and the TALENT Creativity

test are similar, so the abbreviated title for FACT Ingenuity is

CREAT. The other columns show the factor loadings, with somewhat

less abbreviated headings naming the factors.

In each table (8 and 9), the factors are in order from left

to right as they came. Comparable factors are not in most cases,

in the same columns. Tables 10 and 11 give the transformation

matrices. They transform Tables 6 and 7 respectively into

Tables 8 and 9, with the columns of Tables 8 and 9 in the numbered

orders in which they appear.

In both tables (8 and 9), the first factor is a large Verbal

and Information factor, with substantial loadings on most of the

information tests, the vocabulary tests, and the reading tests.

The creativity tests, which are really verbal-ingenuity tests, also

have moderate loadings on this factor.

The Space and Reasonin9 factor (2 for boys; 3 for girls) is

of some interest because in both analyses Whdt might have been

expected to emerge as two different factors came out as one. Sub-

stantial loadings appear on all or most of the visualization (space)
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tests, the mechanical reasoning tests, the object inspection

(identical forms) tests, the FACT Hidden Figures test (similar

to the GottscFaldt), the FACT Scales (graph-reading) test, the

FACT Patterns (copying designs) test, and the GATB Form Matching

test. For the boys, the TALENT and DAT Abstract Reasoning (fig-

ure matrices end figure classification) tests have substantial

loadings on this factor; for the girls these tests have no loading

as high as .250 on any factor.

It is interesting to note that the DAT Verbal Reasoning

(2-blank verbal analogies) test has no loading as high as .250

on either the Verbal and Information factor or the Space and

Reasoning factor. It is the only verbal reasoning test in any

of the batteries.

For the girls there are three loaaings above .250 but below

.300 on more or less irrelevant tests [Aechanics (information),

Home Economics (information), and Rivet Assembly]. For the boys,

the only negative loading above -.200 appears: on the GATB Mark

Making test.

The one hidden-figures test haa nothing to go with it to form

a perceptual closure factor. It and the perceptual-speed tests

all have some spatial content and in some cases a little reasoning

content.

The Clerical and Perceptual factor (3 for boys; 2 for girls)

toads mainly on the clerical-speed and perceptual-speed te§ts.

The latter, as noted above, load also on the Space and Reasoning

factor. The table-reading tests load also on the Clerical and

Perceptual factor, and a number of other tests having substantial

speed and accuracy content have moderate loadings. For the boys

the clearly clerical tests have the highest loadings; for the girls

this effect is less marked. Two spelling tests have loadings

above .300 for the boys, while for the girls these tests have

near-zero loadings (.006 and -.033).

The Mathematics factor (6 for boys; 4 for girls) has some-

what higher loadings on the computation tests for the boys, and

on the arithmetic reasoning and high school mathematics tests for

the girls.
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Table 8. Rotated Factor Matrix: Boys

I 2 3 . 4 5 6 7 8

Verbal Space Cler Mechan Spell

Var. Code Name lnf Reas Perce Outdr Coord Math Memor EncJI_
....

I R102 +

RI62 Vocab 410

2 R103 Lit 476

3 R104 Music 317

4 R105 Soc-S 468

5 R106 Mat-I 327

6 R107 Phy-S 318

7 R108 Bio-S 381

8 R109 S-Att 253

9 RII0 Aer-S 392

10 RIII Elec 415 412

II RII2 Mec-I 443 464

12 RII3 Farm 428 344

13 RII4 Ho-Ec 327

14 RII5 Sport 256

15 RI31 Art 443

16 RI32 Law 507

17 R133 Hlth 335

18 RI39 Ac + Bu 371

19 RI42 Bible 414

20 RI45+
RI46 Hu + Fi 302 340

21 RI47 Outdr 452

22 R2I1 Mem-S 344

23 R2I2 Mem-W 340

24 R220 Dis-W 288 375

25 R23I Spell 313 419

26 R232 Cap

27 R233 Punc

28 R234 Usage

29 R235 Effec

30 R240 Wd-Fu

31 R250 Read 264

32 R260 Creat 268

33 R270 Mec-R 506 295

34 R28I Vis-2 357

35 R282 Vis-3 642

36 R290 Abstr 441

37 R311 Ar-Rs

38 R3I2 Mat-9 311

39 R333 Mat-A 318

40 F4I0 Ar-Co 346

41 F420 Table 459

42 F430 CIPr 507 251

43 F440 Obj-I 283 303

44 FACT- 1 Obj-I 431 386

45 2 Mec-R 262 290

46 3 Table 554

47 4 Ar-rs 287

48 5 Vocab 339
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Var. Code Name

I

Verbal

10

Table 8 (continued)

2 3 4

Space Cler Mechan
Reas Percep Outdr

r
J

Coord

6

Math

7

Memory

8

Spell

Encl

49 FACT-6 Vis-3 473
50 7 Read 314

51 8 Hid-F 363
52 9 Plan
53 10 Ar-co 425 449
54 II Creat 250

55 12 Scale 332 423
56 13 Usage 332
57 15 Alert 269
58 17 Patrn 430
59 18 Code 263
60 19 Mem-C 334
61 DAT-I V-Rs
62 2 Ar-co 327
63 3 Abstr 421

64 4 Vis-3 638
65 5 Mec-R 493 363
66 6 Cler 495
67 7-1 Spell 319 477
68 7-11 Engl 310
69 GATB-I Cler 574
70 2 Ar-co 263 483
71 3 Vis-3 574
72 4 Vocab 374
73 5 Obj-I 288 388
74 6 Ar-rs 426
75 7 Form 428 369
76 8 Mark -261 262 441 254 254
77 9 Peg-P 516
78 10 Peg-T 634
79 II Riv-A 314
80 12 Riv-D 393
81 EHSCB-I Math 410
82 2 Sci 325
83 3 Soc-S 432
84 4A Read 274
85 4B Vocab 263
86 4C Bus-D 320
87 4D Ref
88 4E Lit

89 4F Usage ¶ 254
90 4G Cap + P

91 4H Spell 286 453
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Table 9. Rotated Factor Matrix: Girls

Var. Code Name

I

Verbal

Inf

2

Cler

Pecep

3

Space

Reas

4

Math

5

Spell

Engl

6 7 8

Arith

Memory Cler Coord

I R102 -I-

RI62 Vocab 400

2 R103 Lit 436

3 R104 Music 256

4 R105 Soc-S 491

5 R106 Mat-I 416

6 R107 Phy-S 280

7 R108 Bio-S 366

8 R109 S-Att

9 RII0 Aer-S 359

10 RIII Elec 299

II RII2 Mec-1 301 259

12 RII3 Farm 406

L3 RII4 Ho-Ec 299

12 RII5 Sport 391

15 RI31 Art 394

16 RI32 Law 403

17 RI33 Hlth 316

18 RI39 Ac +
Bu 390

19 RI42 Bible 384

20 RI45+ Hu +

RI46 Fi

21 RI47 Outdr 277

22 R2Il Mem-S 397

23 R2I2 Mem-W 410

24 R220 Dis-W 451

25 R23I Spell 365 '

26 R232 Cap

27 R233 Punc 270

28 R234 Usage 268

29 R235 Effec

30 R240 Wd-Fu

31 R250 Read 331

32 R260 Creat 256 297

33 R270 Mec-R 368

34 R28I Vis-2 332

35 R282 Vis-3 409

36 R290 Abstr
37 R3Il Ar-Rs 294

38 R3I2 Mat-9 442

39 R333 Mat-A 413

40 F4I0 Ar-Co 344

41 F420 Table 309

42 F430 Cler

43 F440 Obj-I

44 FACT-1 Obj-I 455 329
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Var. Code Name

Table 9 (continued)

I 2

Verbal Cler

Inf Pecep

3

Space

Reas

4

Math

5

Spell

En91

6

Memory

7 8

Arith

Cler Coord

45 FACT-2 Mec-R

46 3 Table 469 334

47 4 Ar-Rs 460

48 5 Vocab 274 279

49 6 Vis-3 404

50 7 Read 303

51 8 Hid-F 394

59 9 Plan

53 10 Ar-Co 372 316 368

54 11 Creat 287

55 12 Scale 292 317

56 13 Usage 375

57 15 Alert 390 314

58 17 Patrn 389

59 18 Code

60 19 Mem-C 359 320

61 DAT -1 V-Rs

62 2 Ar-Co 362

63 3 Abstr

64 4 Vis-3 524

65 5 Mec-R 317

66 6 Cler 494 303

67 7-1 Spell 430

68 7-11 Engl 336

69 GATB-I Cler 448 297

70 2 Ar-Co 294 283 305

71 3 Vis-3 278 515

72 4 Vocab 271 283

73 5 Obj-I 413

74 6 Ar-Rs 371

75 7 Form 349 390 265

76 8 Mark 419

77 9 Peg-P 291 460

78 10 Peg-T 598

79 II Riv-A 264 376

30 12 Riv-D 406

81 EHSCB-I Math 457

82 2 Sci 360

83 3 Soc-S 482

84 4A Read 358

35 4B Vocab 272

86 4C Bus-D 321

87 4D Ref

88 4E Lit

89 4F Usage 258

90 4G Cap+P
91 4H Spell 467
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Table 10. Transformation Matrix: BOVs

,
_

Unrotated Rotated Factor

Factor I 2 3 4 5 6 7 8

1 .286 .144 .112 .104 .019 .128 .080 .117

2 -.274 .501 .508 -.059 .121 .126 -.003 -.016

3 .224 .550 -.391 .259 .003 -.147 -.078 -.278

4 .680 -.271 .365 .224 .172 -.316 .002 .072

5 -.014 -.489 -.163 .351 .745 .252 .120 -.025

6 .376 -.207 .093 .138 -.360 .512 -.0,53 -.730

7 -.351 -.094 -.310 -.285 .418 -.526 .919 .103

8 -.258 .247 .558 .803 -.311 -.494 -.109 .599

Table 11. Transformation Matrix: Girls

Unrotated

Factor

Rotated Factor

1 2 3 4 5 6 7 8

1 .254 .090 .112 .118 156 .096 .097 .007

2 -.404 .389 .288 .141 .013 .029 .155 .196

3 .104 -.027 .522 .150 -.432 .050 -.113 -.055

4 .585 .303 .353 -.543 .130 .256 -.078 .173

5 .437 .378 -.440 .648 -.416 -.447 .274 .083

6 .067 -.365 .373 -.003 .142 -.689 -.349 .356

7 .411 -.126 -.306 -.009 -.747 .451 .686 .206

8 .233 -.675 -.284 .478 -.147 .210 -.529 .867
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In each table, there is one factor which does not appear

in the other. For the boys, it is a Mechanics and Outdoor fac-

tor (4, Its main loadings are on the mechanical information

and reasoning tesTs, but it also has substantial loadings on the

Farming and Hunting and Fishing tests. It is perhaps as close to

a masculinity factor as can be generated by aptitude and infor-

mation tests, with substantial loadings on the tests on which

boys usually make higher scores than girls.

For the girls, the unmatched factor (7) is somewhat weaker,

with no loading as high as .400. Its highest loading is on FACT

Arithmetic Computation, which is the only number-speed test, with

no really harc problems, in the combined batteries. I have termed

it an Arithmetic-Clerical factor because it has substantial loadings

on most of the arithmetic computation tests, one table-reading

test, the one code-memory test which follows and is based on a

code-substitution test, and one clerical speed and accuracy test.

It is probably as nearly a number- speed test as can be generated

by these data.

The Memory factor (7 for boys; 6 for girls) is fairly small.

It has substantial loaJings for both boys and girls on only the

TALENT Memory for sentences and Memory for Words tests and the

FACT Memory (for code) test. For the boys it has one other loading

of .254, on the GATB Mark Making test. For the girls it has also

loadings of .297 on the TALENT Creativity test and of .309 on the

TALENT Table Reading test. In each group, the loadings on the

named memory tests are all higher than the other loadings.

What should be the English factor is so dominated by the

spelling tests for both boys and girls that I have termed it a

Spallirjandtailit factor (8 for boys; 5 for giris). For the

boys, every loading above .400 is on a spelling test. The other

substantial loadings include only a few of the English tests, and

also TALENT Disguised Words (recognition of badly misspelled words;

e.g., SURKL = circle) and Clerical Checking, and GATB Mark Making.

For the girls, the loading on Disguised Words is higher than the
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loadings on some of the spelling tests, and there are substantial

loadings on more (but far from all) of the English tests and on three

vocabulary tests, aAd also on the GATB Clerical and Form Matching tests.

The Coordination factor (5 for boys; 8 for girls) is essentially

sensori-motor in nature rather than cognitive. In both groups it has

loadings above .300 on Mark Making and the four apparatus-test scores,

with no loading as high as .130 on any other test. The highest load-

ings are on the peg board tests, the next highest on Mark Making, and

the lowest on Rivet Assembly and Rivet Disassembly. Even the rank

orders of the five loadings are identical in the two groups.

These factor analyses are !nteresting perhaps as much for what

was not found as for what was found. There should have been enough

tests to separate an abstract-reasoning factor from the space factor,

and to separate a mechanical-knowledge factor from both of them. The

mathematics factor might have been separated from the computation

factor, and some of the arithmetic reasoning and mathematical reasoning

tests should have had substantial .Jadings, along with the abstract

reasoning tests, on a reasoning factor separate from the space factor.

The clerical factor might well have been separate from the perceptual

factor defined by the identical4forms tests. Finally, the English

language tests might have generated a factor separate from the spelling

tests. These considerations lend some further weight to the suggestion

that when a battery is assembled specifically for factor-analysis

purposes, the tests should be more or less equally reliable, they should

all be administered in consecutive half-day sessions, and for subgroups

of the sample they sould be administered in different orders: ideally

with the subgroups-by-orders design a latin square. The sample size

should be large in comparison to the number of variables, and this

disparity should increase as the reliabilities of the tests decrease.

1



51

Chapter Four

SUPPLEMENTARY STUDIES

In view of the situaflon described in the last paragraph of

the previous chapter, it was decided to factor the non-TALENT tests

and the TALENT tests rieparately. Time and funds did not permit the

complete analyses described in the previous chapter. In the non-

TALENT study, therefore, there was only one principal-axes analysis,

and in both studies rotation was terminated with the promax factor

matrix. So far as factor identification is concerned, this abbre-

viated procedure appears reasonably adequate.

Factor Analysis of Non-TALENT Tests.

For the non-TALENT tests, the scree test for boys indicated

seven factors, the scree test for girls indicated seven or ten; and

the Bargmann test indicated seven or eight for both groups (seven at

tne .05 level; 8 at the .50 level).

In a ten-factor rotation, rotated factors 8 and 9 for the boys

had only cne loading as high as .300 and factor 10 hPd none. For

the girls, factor 8 was a doublet consisting of the iwo experimentally

dependent tests FACT Coding and Memory (for code), and factors 9 and

10 each had only one loading as high as .300. Considering in each

case all loadings of .200 and above, there was little if any substan-

tive consistency in any of these factors.

A seven-factor rotation yielded the results snown in Tables 12

and 13. In these tables, we list again all loadings of .250 and

higher.

Thp Verba_I-Information factor (I for both groups) is essentially

similar to the corresponding factor in the combined-battery study.

For the boys its highest loadings are on the vocabulary tests; for the

girls on the EHSCB Social Studies and Science tests. The reading,

verbal reasoning, and judgment tests have substantial loadings
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Var

Table

Code

12. Promax Factor Matrix:

2 3

Verbal Space
Name Inf Math Reas

Boys:

4

Coord

Non-TALENT Only

5 6

Cler

Percep Memory

7

Spell

Ent
44 FACT-I Obj-I 582
45 2 Mec-R 419
46 3 Table 308 269 267
47 4 Ar-Rs 403
48 5 Vocab 706
49 6 Vis-3 369
50 7 Read 562
51 8 Hid-F 255 302
52 9 Plan 472 282
53 10 Ar-Co 582
54 II Creat 521
55 12 Scale 255 284
56 13 Usage 540 297
57 15 Alert 445
58 17 Patrn 533
59 18 Code 378
60 19 Mem-C 311 426
61 DAT-I V-Rs 651
62 2 Ar-Co 353
63 3 Abstr 259 447
64 4 Vis-3 646
65 5 Mec-R 250 510
66 6 Cler 436
67 7-1 Spell 419 474
68 7-11 Engl 570 317
69 GATB -1 Cler 269 397 332
70 2 Ar-Co 582
71 3 Vis-3 461 372
72 4 Vocab 719
73 5 Obj-I 574
74 6 Ar-Rs 333 446
75 7 Form 257 490
76 8 Mark 450 278
77 9 Peg-P 595
78 10 Peg-T 641
79 II Riv-A 386
80 12 Riv-D 454
81 EHSCB-I Math 384 375
82 2 Sci 674
83 3 Soc-S 687
84 4A Read 539
85 4B Vocab 692
86 40 Bus-D 555
87 4D Ref 486
88 4E Lit 284
89 4F Usage 562 272
90 4G Cap+P 374
91 4H Spell 495 418
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Table 13. Promax Factor Matrix: Girls: Non-TALENT Only.

I 2 3 4 5 6 7

Verbal Cler Space Spell

Var Code Name Inf Percep Reas Math Coord EngI Memory

41-- FACT-I Obj-I 457
45 2 Mec-R
46 3 Table 440
47 4 Ar-Rs 326 438
48 5 Vocab 560
49 6 Vis-3 421

50 7 Read 500
51 8 Hid-F 429
52 9 Plan 317 324
53 10 Ar-Co 340 420
54 II Creat 472
55 12 Scale 362
56 13 Usage 314 389

57 15 Alert 328 293
58 17 Patrn 524
59 18 Code
60 19 Mem-C 342
61 DAT-I V-Rs 501

62 2 Ar-Co 463
63 3 Abstr 309
64 4 Vis-3 635
65 5 Mec-R 283 384
66 6 Cler 541 _

67 7-1 Spell 584

68 7-11 Engl 299 400

69 GATB-I Cler 515
70 2 Ar-Co 433
71 3 Vis-3 464
72 4 Vocab 526
73 5 Obj-1 473
74 6 Ar-Rs 488
75 7 Form 349 291
76 8 Mark 420

77 9 Peg-P 531

78 10 Peg-T 580

79 II Riv-A 438

80 12 Riv-D 496

81 EHSCB-I Math 281 491

82 2 Sci 580
83 3 Soc-S 657
84 4A Read 523 270
85 4B Vocab 502
86 4C Bus-D 496
87 4D Ref 421
88 4E Lit 296
89 4F Usage 379 289
90 4G Cap+P 315 318

91 4H Spell 573
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for both groups, as do also some of the English lests. The spelling

tests have substantial loadings for the boys, but not for the

girls, and more of the English tests appear in the boys' matrix

than in the girls'.

On the Mathematics factor (2 for boys; 4 for girls), the

highest loadings for the boys appear on the computation tests;

for the girls, on the mathematics and arithmetic reasoning tests.

On the Space-Reasonin9 factor (3 for both groups), the

highest loading for each group is on a space test, but the

mechanical reasoning and abstract reasoning tests also have

substantial loadings.

The Coordination factor (4 for boys; 5 for girls) is again

defined entirely by the apparatus and Mark Making tests.

On the Clerical-Perceptual factor (5 for boys, 2 for girls),

the highest loadings for the boys are on the identical-forms

tests; for the girls they are on the clerical-speed tests.

The Mernor. factor (6 for boys, 7 for girls) is quite weak,

since the only true memory test in the battery is the FACT

Memory (for code) test. For the boys it is little more than a

doublet with the Coding test. For the Girls, this doublet

was eliminated with the eighth unrotated factor, and we can

only speculate about the memory content of the FACT Planning

test and the EHSCB Reading and Capitalization-Punctuation tests.

Both of these latter tests do appear with loadings above .200

in the matrix for the boys.

On the Spellird- factor (7 for boys; 6 for girls),

the spelling tests have the highest loadings for both boys and

girls. Only a few English tests appear; most of their variance

was absorbed in both groups by the Verbal-Information factor.

In general, these results are quite similar to those obtained

from thP full battery, except that the two non-matching factors

of that battery do not appear.
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Factor Analysis of TALENT Tests

The Project TALENT tests were all administered on two to four

consecutive days, and should therefore contain smaller time-associated

errors than -hose present in the non-TALENT tests. ,tt the initial

factoring, the scree tests showed eigenvalue differenes as follows:

Factor:1 2 3 4 5 6 7 8 9 10 II 12

Boys:

Girls:

t4.73

12.78

.42

.79

.21

.31

.68

.14

.05

.22

.09

.15

.10

.05

.01

.03

.03

.02

.01

.05

.14

.06

This suggest3 seven factors for the boys, but only six for the girls.

For both groups, the Bargmann test accepted the 6-factor hypothesis

at the .50 level: the sixth normal deviate was negative. For the

girls, the highest loading on factor 7 was .216, and no others were

as high as .200. For the boys, however, there were two loadings above

.300 on factor 7 and one other above .200. Rotations of the first six

factors of the initial principal-axes matrices yielded factors one of

which was difficult to interpret, suggesting a coalescence of two

factors into one. The correlation matrices were therefore re-factored

to seven factors, with seven-factor communalities from the initial

factoring as beginning estimates. The eigenvalue differences were

quite similar to those of the initial analyses shown above, except that

for the girls the difference for factors 7 to 8 was .08 instead of .05,

and all differences beyond this were .05 or lower. For both groups

the Bargmann test still accepted the six-factor hypothesis. The factor

matrix for the girls had no loadings as high as .200 on factor 8; for

the boys there were loadings of -.210 and -.238 on variables 24

(Disguised Words) and 25 (Spelling). For the girls, the highest load-

ings on factor 7 were .202 and .229, with no others as high as .200;

for the boys they were .315 and .378, also with no others as high as .200.

The results of the promax rotation are shown in Tables 14 and 15.

There is some general resemblance to the factors found in the combined

study, but it is less clear than was the case for the non-TALENT tests.
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Table 14. Promax Factor Ma+rix: Boys: TALENT only

Var. Code Name

I 2 3 4 5 6 7

Engl Mechan Space Cler Human

Math Outdr Reas Percep Math Soc-Sc Memory.

I R102 +

RI62 Vocab 286

2 R103 Lit
512

3 R104 Music 458

4 R105 Soc-S
338

5 R106 Mat-I 406 370

6 R107 Phy-S 248 308

7 R108 Bio-S 375

8 R109 S-Att 301

9 RII0 Aer-S 330

10 RIII Elec 523

II RII2 Mec-I 577

12 RII3 Farm 512

13 RII4 Ho-Ec

14 RII5 Sport 275

15 RI31 Art 297

16 RI32 Law
305

17 RI33 Hlth

18 R139 Ac +

Bu

19 RI42 Bible 391

20 RI45 + Hu +

RI46 Fi 367

21 RI47 Outdr 351

22 R2I1 Mem-S
357

23 R2I2 Mem-W 256 450

24 R220 Dis-W 272 270

25 R23I Spell 548

26 R232 Cap 491

27 R233 Punc 483

28 R234 Usage 378

29 R235 Effec 330

30 R240 Wd-Fu 441

31 R250 Read 324

32 R260 Creat 273

33 R270 Mec-R 268 578

34 R28I Vis-2 414

35 R282 Vis-3 554

36 R290 Abstr 257 568

37 R3I1 Ar-Rs 417

38 R3I2 Mat-9 521 309

39 R333 Mat-A 528

40 F4I0 Ar-Co 468

41 F420 Table 641

42 F430 Cler 686

43 F440 Ob*-1 427
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Table 15. Promax Factor Matrix: Girls: TALENT only.

Var Code Name

I

Verbal

Inf

2

Engl

Arith

,

Math

4

Cler
Percep

5

Memory

6

Space

Reas

7

Mechan
Outdr

1 R102+R162 Vocab 539

2 R103 Lit 590

3 R104 Music 405

4 R105 Soc-S 596

5 R106 Mat-1 493

6 R107 Phy-S 386

7 R108 Bio-S 459

8 R109 S-Att

9 RII0 Aer-S 496

10 RIII Elec 258

II R112 Mec-1 268 429

12 RII3 Farm 392 294

13 RII4 Ho-Ec 264

14 RII5 Sport 414

15 RI31 Art 535

16 RI32 Law 433

17 RI33 Hlth 343

18 RI39 Ac+Bu 462

19 RI42 Bible 437

20 RI45+146 Hu+Fi

21 RI47 Outdr 286

22 R2Il Mem-S 504

23 R2I2 Mem-W 493

24 R220 Dis-W 350

25 R23I Spell 510

26 R232 Cap 435

27 R233 Punc 432

28 R234 Usage 404

29 R235 Effec

30 R240 Wd-Fu 261

31 R250 Read 424

32 R260 Creat 321

33 R270 Mec-R 536

34 R28I Vis-2 355

35 R282 Vis-3 555

36 R290 Abstr 283

37 R3Il Ar-Rs 283

38 R3I2 Mat-9 542

39 R333 Mat-A 493

40 F4I0 Ar-Co 548

41 F420 Table 568

42 F430 Cler 263 327

43 F440 Obj-1 553
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Sex differences in factorial structure are also more pronounced in

this analysis than in either of the other two.

English, information, mathematics, and arithmetic split quite

differently for the two sexes. For the girls the Verbal-Information

factor (I) is similar to those of the other studies. There is an

English-Arithmetic factor (2), with highest loading on Arithmetic

Computation, second highest on Spelling, and substantial loadings on

the English tests; and there is a small Mathem.:tics factor (3). For

the boys, the largest factor is a combination of English and Mathematics (I).

In place of the wide-range verbal-information factor, there is a narrower

Humanities and Social Science factor (6), and thrre is a still smaller

Mathematics factor (5) with a single high loading on Advanced Mathematics

and intermediate loadings on Mathematics (information) and Introductory

Mathematics.

For the boys there is a substantial Mechanics-Outdoor factor (2);

for the girls, this factor (7) has only three loadings above .250.

On the Space-Reasonin9 factor (3 for boys; 6 for girls), the two

visualization tests and the Mechanical Reasoning test have substantial

loadings for both sexes. For the boys, the Abstract Reasoning test

(figure matrices) has the second highest loading on this factor, but

for the girls it has a relatively low loading.

The Clerical-Perceptual factor (4 for both groups), has only three

substantial loadings for each group: on Table Reading, Clerical

Checking, and Object Inspection. For the boys it has one other loading

above .250, on Disguised Words.

For both groups, the Memory factor (7 for boys; 5 for girls) is

essentially a doublet, with substantial loadings only on Memory for

Sentences and Memory for Words.

As compared with the non-TALENT study, this all-TALENT study lacks

the Coordination factor and adds the Mechanics-Outdoor factor.
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Chapter Five

COMPARISION WITH TWO OTHER STUDIES

Lohnes (1966) reported an analysis based on 16,785 cases from

the Project TALENT files, and 60 tests. His sample was actually a

combination of four subsamples: boys and girls in grades 9 and 12..

Putting unities in the diagonal, he first extracted a sex component

and a grade component by the diagonal method (for his data the cor-

relation between sex and grade was .000), computed principal components

from the second residual matrix, and rotated the first eleven of them

by the varimax method. The resulting I3-factor matrix accounted for

64.6% of the total test variance.

Properly speaking, this is component analysis rather than common-

factor analysis. Lohnes used unities in the diagonal in order to

obtain measured component scores, since common-factor scores can only

be estimated by regression after removal of the unique variance of

the tests. But with 60 variables, even if the diagonal unities are

regarded merely as overestimates of communalitie-, the distortion

should not be too large to prevent interpretation in factorial terms.

Lohnes/ 60 variables included all of my 43, except that Vocabulary

is represented only by RI02. He included Hunting and Fishing as

separate variables, and included the Screening variable (intended to

discover examinees who were not trying to do their best or who

suffered from severereading deficiency), the Preference variable

(intended to measure simply speed of decision-making), wld 14 additional

tests from Information II which had less than 9 items each, He also

used the number-right sccres for arithmetic computation, table reading,

clerical checking, and object inspection, where I used the scores

which included larger penalties for inaccuracy.

In Lohnest study, the use of orthogonal roiation will result in

higher loadings throughout than would oblique rotation, and in his

basic rotated matrix (Table 3.3, p. 3-5), Lohnes rightly reports only
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loadings of .35 and above. The factors that can be compared with mine

are termed by him:

Verbal Knowledge

English Language

Visual-Reasoning

Mathematics

Perceptual Speed and Accuracy

Memory

Screening

Besides the grade and sex factors, he obtains four others based on

tests which were combined or not included in my battery:

Hunting-Fishing

Color-Foods

Etiquette

Games

His Screening factor has loadings of .38 and .47 on Mechanics and

Farming (information), and a loading of .61 on Screening. His Hunting-

Fishing factor is a doublet on these two tests, and none of his other

three factors has a loading as high as .35 on any test included in my

battery.

Shaycoft (1967) reported factor analyses of 95 variables (grade 9

scores on 47 tests, grade 12 scores on the same 47 tests, and socioeconomic

index) based on about 7,000 boys and girls who took the whole battery in

1960 in grade 9 and a portion of ii again in 1963 in grade 12. Separate

analyses were done for boys and girls. Since limitations on amount of

testing time available in 1963 made it necessary to use six different

but overlapping reduced batteries, giving each of these batteries to a

different subgroup of the retest sample in the grade 12 testing, there

was a missing data problem of considerable magnitude. To handle this

problem, Shaycoft based each initial correlation estimate on available

cases, weighted to make the six groups as alike as possible, and then

Al
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c:orrected +or missing data by a complex two-stage procedure. The initial

correlations were based on wicely varying numbers co+ cases, ranging from

463 to 3,441 for the boys, and fr,m 496 to 3,676 for the girls. The two

hlatrices (for boys and girls) were factored by the principal-axes method,

with mu:+iple correlations (not squared multiple correlations) as the

communality esimates.

Note that in tnis study there were two scores for each student on

each test: one for the ninth grade and one fcr the twkIfth grade.

Shaycoft had 99 variables (not 95) in her initial matrices, since she

started out with 49 test variables for each gradc (not 47), along with

the socioeconomic index (which was based on some of the items of the

Student Information Blank administered in the ninth grade). The reduction

from 49 1.es-is o 47 tests (hence from 99 variables to 95) occurred after

the initial matrix was corrected for missing data and adjusted to make

i+ internally consistent, and before the factor analysis was undertaken.

This adjustment procedure had produced a singular matrix and Shaycoft

therefore dropped two tests to make the matrix non-singular, thus per-

mitting the determination o+ nultiple correlation coefficients below

unity, for use as communality estimates. The two tests removed were

RI35:Architecture (information) and RI38:Military (information).

When the same test appears twice in a battery, it is likely to

generate a test-specific doublet. Shaycoft inferred from the nature of

the residuals after varying numbers of principaI-axis factors had been

extracted, that there were some sizable test-specific doublets not being

extracted by this procedure. She therefore decided to use the first 17

principal-axis factors, for each sex, and supplement them by any test-

specific doublets that would have loadings of .20 or greater on cor-

responding grade 9 and grade 12 variables. This resulted in the ex-

traction of 23 of these doublets for boys and 23 for girls. She then

d;d a varimax rotation on the first 17 principal-axis factors, and

modified the results of this analytic rotation by several hand rotations:

these latter still orthogonal.

The 47 tests of Shaycoft's final rotated factor matrix (exclusive

of the socioeconomic status measure) included all of my 43 except

Memory for Sertences, plus three other information tests (Practical

Knowledge, Engineering, and Theater-Ballet). The +wo Vocabulary tests
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were included separately, as were also the Hunting and Fishing information

tests. She also used the penalized-inaccuracy scores for arithmetic

computation, table reading, clerical checking, and object inspection.

Factors in this study which can be compared with those of mine

(and Lohnes') are:

General Verbal (Verbal-Information)

Mathematics

Space (Space-Reasoning)

English

Technical

Speed and Timing (Clerical-Perceptual)

Memory

In addition, she found the fol,owing factors:

information Gain

English Gain

Rural

Bible

Common Sense

Arithmetic Computation

Sports

Home Economics

Hunting and Fishing

A gain factor in her study is one having substantial loadings on

twelfth-grade tests, but near-zero loadings on the same tests when

administered in the ninth grads. There was an English Gain factor for

both boys and girls, and an Information Gain factor for the boys but

not tor the girls.

For both boys and girls, there were two Clerical-Perceptual

'actors: one loading only on ninth-grade tests and the other loading

only on the same tests at the twelfth-grade administration.

For the boys there was only one English factor other than the

English Gain factor; for the girls there were two others. The second

had substantial loadings only on Capitalization, which had unsubstantial

loadings on the first.
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Shaycoft presents complete rotated factor matrices. Her highest

loadings are in general about as high as Lohnesl, because she also used

orthogonal rotation. If we consider all loadings of .300 and higher

as "substantial," her verbal factors become almost general factors,

with hyperplanes not overdetermined by the loadings below .300. But

if we require a loading to be at least .350 to be called "substantial,ft

some of her Enaliar factors are not well exhibited. For comparison

purposes, therefore, I
report for her verbal factors only loadings

of .350 or over, but for the others, all loadings of .300 or

OVE-. For my own (TALENT-only) data, whose loadings are in gen-

eral lower due to oblique rotation, all loadings of .250 or over

are reported.

Table 16 shows loadings from the three studies on the

Verbal-Information factor. For the boys of my study, I have

shown the loadings on ti-e much narrower Humanities-Social

Science factor: there is no other factor in the other two studies

with which to compare it, and the larger English-Mathematics

factor seems best compared with the English factors of the other

two studies. The general similarity is apparent, but even

for the girls of my study, the factor is less general than it

is in the other two studies. In both of these latter, most of

the arithmetic and mathematics tests show substantial loadings,

along with some of the English tests, and the factor becomes

essentially a general school achievement factor.

Table 17 shows loadings from the three studies on the

English factor. For both the boys and the girls of my study,

and for the Lohnes study, some of the mathematics and/or arith-

metic tests have substantial loadings on this factor, along

with the English tests. A guess might be hazarded that in these

studies th!c: factor is a tool-subjects factor rather than merely

an English factor. In most high school curricula, English and

mathematics are the only tool subjects (as contrasted with content

subjects) which are taken by the great majority of students.

Shaycoft/s English-B actor (not shown in Table 1, which appeared

only in her matrix for girls, is essentially a test-specific

doublet, with substantial loadings only on the Capitalization test

at the ninth and twelfth grade levels, plus a loading of .310 on

Punctuation at the ninth-grade level.
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Table 16. Rotated Factor Loadings From Three

Studies on the Verbal-Information Factor

Var. Code Name Lohnes

Cureton Shaycoft
F17M9 MI2 F9

I R102 Vocab 66 r7n 689 596 699 732

I RI62 Vocab ** JJ,
774 520 662 660

2 R103 Lit 69 512 590 682 613 686 752

3 R104 Music 65 458 405 644 625 710 756

4 R105 Soc-S 70 338 596 669 523 722 739

5 R106 Mat-1 45 508 450 590 651

6 R107 Phy-S 54 386 516 478 533 626

7 R108 Bic,S 51 459 470 386 469 508

8 R109 S-Att 47 438 387 444 484

9 RI10 Aer-S 50 496 583 537 409 458

10 RIII Elec 36 ;81 439 350

II RII2 Mec-I 527

12 RI13 Farm 36 392 380 415 401

13 RII4 Ho-Ec 427 407 382

14 R115 Sport 48 414 510 424 568 610

15 R131 Art 72 297 535 728 653 (71 675

16 R132 Law 61 305 433 625 571 498 584

17 RI33 Hlth 56 343 650 489 534 468

18 RI39 Ac+Bu 54 462 645 548 578 618

19 RI42 Bible 391 437 521 486 446 422

20 RI45 Hunt

20 RI46 Fish

21 R147 Outdr 50 2R6 586 443 542 543

22 R2Il Mem-S
** ** ** **

23 R2I2 Mem-W 351

24 R220 Dis-W 46 270 472 397 448 385

25 R23I Spell

26 R232 Cap

27 R233 Punc 38 354 362 444 408

28 R234 Usage 36 369

29 R235 Effec 350

30 R240 Wd-Fu 40 463 453

31 R250 Read 65 424 624 424 644 605

32 R260 Creat 46 321 501 359 446 408

33 R270 Mec-R

34 R2CI Vis-2

35 R282 Vis-3

36 R290 Abstr 360 361

37 R311 Ar-rs 41 398 376 476 506

38 R312 Mat-9 39 376 519 551

39 R333 Mat-A 458

40 RF4I0 Ar-Co

41 RF420 Table

42 RF430 Cler

43 RF440 Obj-I

*Humanities-Social Science Factor, **not included in battery.
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Var.

Table 17. Rotated Factor Loadings

Studies on the English

Cureton

Code Name Lohnes I7/17---7*

From Three

Foctor

Shaycoft

M9 MI2 F9 -A FI2 -A

1 R102 Vocab

1 RI62 Vocab

2 R103 Lit

3 R104 Music

4 R105 Soc-S

5 R106 Mat-I 406

6 R'07 Phy-S

7 R108 Bio-S

8 R109 S-Att 301

9 R110 Aer-S

10 RIII Elec

II RII2 Mec-I

12 RII3 Farm

13 RII4 llo-Ec 264

14 RII5 Sport 275

15 RI31 Art

16 RI32 Law

17 RI38 rIth

18 RI39 Ac+Bu

19 RI42 Bible

20 RI45 Hunt

20 RI46 Fish

21 RI47 Outdr

22 R2Il Mem-S

23 R2I2 Mem-W 256

24 R220 Dis-W 40 350 356 336 490 494

25 R231 Spell 58 548 5,10 400 390 642 536

26 R232 Cap 62 491 435 539 327

27 R233 Punc 60 483 432 396 359 458 371

28 R234 Usage 59 378 404 490 455 393

29 R235 Effec 53 330 424 466

30 R240 Wd-Fu 42 441 261 381 413

31 R250 Read 39 324 331

32 R260 Creat
33 R270 Mec-R
34 R28I Vis-2

35 R282 Vis-3

36 R290 Abstr 257

37 R311 Ar-Rs 39 417 313

38 R3I2 Mat-9 36 521

39 R333 Mat-A

40 RF4I0 Ar-Co 46 468 548

41 RF420 Table

42 RF430 Cler 263

43 RF440 Obj-1
paw.ma,n/m11/1MINI

*Engiish-Mathematics **English-Arithmetic
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Table 18 shows loadings from the three studies on the Mathematics

factor. For the Lohnes study, for both of mine, and for Shaycoftts

girls, this factor is narrow. For Shaycoft's boys, however it is a

large factor, more like my English-Mathematics factor in Table 17.

For my boys, there was no olher English factor; for her boys, there

is no other Mathematics factor. The factorial structure of mathematics

tests seems to vary with sex and sample. Sometimes these tests

generate a distinct separate group factor, sometimes they tend to

coalesce with the English factor and to a lesser degree with the

Verbal-Information factor.

Tab:e 19 shows loadings from the tHree studies on the Space-

Reasoning factor. The Mechnical Reasoning test and the Abstract

Reasoning (figure matrices) test have loadings on +his factor which

in all the studies are just as substantial as are those of the two

visualization tests. The other scattered loadings are in general

lower.

Table 20 shows loadings from the three studies on the Clerical-

Perceptual faclor. In the Lohnes study, the Preference test (virtually

a pure speed-of-decision test, using verbal materials) also had a

loading of .56. This is a small, relatively "clean" perceptual-

speed factor.

Table 21 shows loadings from the three studies on the Memory

factor. It is a doublet because the battery contained only two memory

tests. In the Shaycoft study, the Memory-for-Sentences test was not

included, and the Memory factor is essentially a test-specific

doublet on the Memory-for-Words test.

Table 22 shows loadings on factors which are not near enough

alike to be called the same factor, but which are still related.

Lohnes calls his a Screening factor because of its high loading

on the Screening test,on which high scores indicate carefully con-

sidered answers. The loadings on Mechanics (information) and Farming,

however, suggest some similarity to my Mechanics-Outdoor factor.

The loading on Preferences suggests a speed element.



Table 18. Rotated Factor Loadings From Three

Studies on the Mathematics Factor

Cureton Shaycoft

Var. Code Name Lohnes M F M9 MI2 F9 FI2

1 R102 Vocab 328 328

1 RI62 Vocab

2 R103 Lit 312

3 R104 Music

4 R105 Soc-S 351 323

5 R106 Mat-I 62 370 493 614 707 332 488

6 R107 Phy-S 42 110 184

7 R108 Bio-S

8 R109 S-Att

9 RII0 Aer-S

10 RIII Elec 340

II RII2 Mec-I

12 RII3 Farm

13 RII4 Ho-Ec

14 RII5 Sport 313

15 RI31 Art

16 RI32 Law

17 RI38 Hlth

18 RI39 Ac+Bu

19 RI42 Bible

20 RI45 Hunt

20 RI46 Fish

21 RI47 Outdr

22 R2Il Mem-S

23 R2I2 Mem-W

24 R220 Dis-W 312 329

25 R23I Spell 344 312

26 R232 Cap

27 R233 Punc 521 507

28 R234 Usage 307

29 R235 Effec

30 R240 Wd-Fu 593 607

31 R250 Read 379 352

32 R260 Creat 325 309

33 R270 Mec-R 432 389

34 R28I Vis-2 320 309

35 R282 Vis-3 478 419

36 R290 Abstr 514 488

37 R3Il Ar-Rs 283 592 526

38 R312 Mat-9 61 309 542 682 738 369 588

39 R333 Mat-A 71 528 493 759 629

40 RF4I0 Ar-Co

41 RF420 Table

42 RF430 Cler

43 RF440 OF-I

67
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Table 19. Rotated Factor Loadings From Three

Studies on the Space-Reasoning Factor

Var. Code Name Lohnes

10 RIII Elec

II RII2 Mec-I

32 R260 Creat 41

33 R270 Mec-R 59

34 R281 Vis-2 63

35 R282 Vis-3 71

36 R290 Abstr 57

37 R3Il Ar-Rs

43 RF440 Obj-I

Cureton Shaycoft

M

578

414

554

568

F M9 MI2 F9
_

314

268 393

3e2

536 509 566 484

355 540 630 553

555 536 559 580

283 344 376 469

357
-

Table 20. Rotated Factor Loadings From Three

Studies on the Clerical-Perceptual Factor

Var. Code Name Lohnes

Cureton Shaycoft

M F M97 M[2* F9*
_

24 R220 Dis-W 272

40 RF4I0 Ar-Co 36 319

41 RF420 Table 71 641 568 581 778 521

42 RF430 Cler 76 686 327 582 674 570

43 RF440 Obj-I 67 427 553 630 442 600

FI2

300

575

587

616

494

315

FI2*

494
720

514

624

*Separate factors for the grade 9 tests and the grade 12 tests,

for both boys and girls

Table 21. Rotated Factor Loadings From Three

Studies on the Memory Factor

Var. Code Name Lohnes

Cureton Shaycoft

M F M9 MI2 F9 FI2

22

23

R2I1

R212

Mem-S
Mem-W

83

50

357

450

504

493

*

575

*

736

*

585

*

720

*Test not present in battery
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Table 22. Rotated Factor Loadings From Three

Studies on Three Somewhat Similar Factors

Var. Code Name

Lohnes

Screening

Cureton

Mechanics-Outdoor

Shaycoft

Technical

M F M9 MI2 F9 FI2

* * * * * *
R101 Scrn 61

6 R107 Phy-S 308 464 409 422 330

7 R108 Bio-S 375 382 364

9 RI10 Aer-S 330 364 375 301

10 RIII Elec 523 258 564 490 604 431

II RI12 Mec-I 38 577 429 336 344 322

12 RII3 Farm 47 512 294

20

20

RI45

RI46

Hunt

Fish
} 367

21 RI47 Outdr 351

32 R260 Creat 273

33 R270 Mec-R 268 357 354

.... A500 Pref 35
* * * * * *

_

*Test not in this battery
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The Mechanics-Outdoor factor of my study is fairly substan-

tial for boys but of very limited range for girls. Shaycoft's

Technical factor is also !:omewhat wider for boys than for girls.

Like my factor for boys, both of hers include some science con-

tent; unlike mine, it includes no outdoor content. The reason,

presumably, is that in her study there is a separate Rural fac-

tor. For boys the Rural factor in a doublet, with substantial

loadings only on Farming and Hunting. For girls it has substan-

tial Ica.:Ings on Mechanics (information), Farming, Home Economics,

and at the twelfth-grade level Engineering, (a short information

test not included in my battery).

Tables 16-22 inclusive include all the factors of my

TALENT-only battery, and all the comparable factors of the

Lohnes and Shaycoft studies. It is interesting to note that

with their much larger samples, analyzed to greater numbers of

factors, all other factors found by them are either highly

special in nature (i.e., factors which could not have been found

in my studies) or trivial.

lohnes extracted a Sex factor, with positive loadings on

tests in which boys exceed girls and a large negative loading

(the only one in his rotated factor matrix) on Home Economics.

He also found a Grade factor, with substantial loadings on those

tests on which twelfth-grade students most conspicuously exceed

ninth-grade students. He found a Hunting-Fishing doublet, a

Color-Food doublet, and two "singlets" (Etiquette and Games), each

with only one substantial loading, With good communality

estimates in the diagonal, the "singlets" would presumably both

have been unique factors.

Shaycoft found English-Improvement factors for both boys

and girls, and an Information-Improvement factor for boys. The

latter resembles Lohnes' Grade factor only moderately. She also

found a Hunting-Fishing doublet, and several others all of which

are essentially test-specific doublets, all but one on information

tests: Bible, Common Sense (Scientific Attitude), Computation

(Arithmetic), Aero-Space, Engineering, and for boys, Sports and

Home Economics.
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General Interpretation and Evaluation.

The most striking points to me in all of the studies are the

following:

I) The magnituJe of the Verbal-Information factor, and its

incomplete separatlon from the Engl:sh factor.

2) The factorial instability of the mathematics and arith-

metic tests.

3) The fairly general tendency for the mechanical and

visual tests to form one factor instead of two.

4) The factorial instability of the abstract reasoning

tests.

5) The failure of my own combined study, with more tests,

and of the Lohnes and Shaycoft studies, with large samples, to

generate additional substantive factors. My combined study

did generate one, but only by virtue of the inclusion in it of

the four GATB apparatus tests.

The interpretation of these points is found quite readily.

Though second-order and hierarchical analysis was not used,

the results are in striking accord with the theory of cognitive

abilities outlined by Vernon (1950, 1965). He postulates first

a general factor and two major group factors: v-ed (verbal-

educational) and k-m (spatial-mechanical), with mathematics

related to both v-ed and k-m. In our batteries, v-ed is represented

mainly by the Verbal-Information and English factors; k-m mainly

by the Space-Reasoning factor. In different analyses the mathe-

matics tests load sometimes on one and sometimes on another of

these factors. Our Clerical-Perceptual and Memory factors seem

d little more distinct than his theory calls for, but this con-

clusion cannot be defended too vigorously without hierarchical

analysis. And finally, the factors of Table 22 are not covered

by his theory, since they depend in '.onsiderable part on tests

of information in areas outside those of the usual high school

curricula.
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